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Preface 


This book is intended to be a simple introduction to TRS-80 interfacing. As a 
college instructor, I’ve been appalled over the years at the number of simplified 
books which are published, yet which aren’t simple at all. The use of the terms 
‘‘simplified’’ or ‘‘elementary’’ or ‘‘an introduction to’’ somehow seems to mean 
these days that one is about to encounter a very, very difficult book. 

You don’t find that to be the case here. I use the simplest possible circuits for 
interfacing, along with the most basic programs I could devise. Most of the pro- 
grams are fewer than 15 lines in length, and the emphasis is on circuits and pro- 
grams that are likely to work the first time. 

The approach in this book is nonmathematical. The reader who needs a more 
elegant approach will have no difficulty in finding very difficult books of this 
sort in a college engineering library! Almost all of the electronic parts required 
for interfacing can be obtained from local sources. 

Micro computers represent a vital, growing field of technology, one of great 
usefulness, and one in which there is not place for senseless, hidebound tradi- 
tion. If something doesn’t work in the microcomputer world, it doesn’t stay in 
the literature for 50 years, as it does in so many other fields. 

This book is dedicated to my wife, Alma, and to the fine people at Radio 
Shack who created the TRS-80. 


Jerry W. O’Dell 


Chapter 1 
Introduction 


Tue INTRODUCTION OF THE MICROCOMPUTER CHIP in the 1970s has led to a 
revolution in electronics. This revolution is even more far-reaching than most 
people realize: the entire nature of electronic design and the approach to con- 
trolling devices have changed. 

I use microcomputers to control experiments, but I could not have done 
this just a few years ago. In the 1960s, fortunate experimenters with large 
government grants could afford minicomputers such as the PDP-8 to run 
their experiments, but those installations cost $30,000 or more. Today, the 
same sort of control is available to experimenters with $1000 and a willingness 
to do a bit of the work. 

The development of microcomputer chips did not completely do the job. 
Programs are needed to control microcomputers. Without programs, the 
computer is a pretty useless machine. In the early days of microcomputers, 
many people got machines such as the KIM and the Altair and developed 
some rather elegant systems out of them. These machines, however, had to be 
programmed in tricky assembly or machine language, the language the ma- 
chine understands best, but which few humans like or know. Programming in 
assembly language is a time-consuming process. Consequently, the owners of 
these early machines often lacked the time to do all the needed programming. 

This has changed with the introduction of microcomputers like the 
TRS-80. I think that the secret of the TRS-80 is that it is a neat integration of 
the microcomputer chip with a BASIC interpreter which makes it into an eas- 
ily usable device. With a machine like the TRS-80, a programmer can use BA- 
SIC for routine tasks, without having to program hundreds of lines of ma- 
chine code to do even the simplest task. The TRS-80 also allows the use of 
machine-language programs when necessary, through either a SYSTEM com- 
mand or a USR call. In this way, the programmer has the best of both worlds: 
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Photo 1-2. Close-up of back of racks 
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BASIC can be used for ordinary applications, and machine language can take 
over when speed or flexibility is an important factor. The incorporation of 
BASIC seems to have an important psychological effect on neophyte pro- 
grammers. They are initially less afraid of the machine because they can begin 
to program in BASIC almost immediately. 

Another important event in electronics is the development of simple and ef- 
fective circuit design (prototyping) materials. With prototyping boards, mak- 
ing a setup for a project that would have taken days in the 1960s can be done in 
less than an hour. Prototyping boards are reliable so that, with proper care, 
they can be used for the final unit. If a change needs to be made in a circuit, 
you just change the relevant wires; you do not have to make a new printed cir- 
cuit board. Experimentation is made much easier. 

In short, someone with a little know-how can do the most elegant and so- 
phisticated projects under complete computer control with a minimal invest- 
ment. The investment for the computer and the hookup is frequently much 
less than it would be for other forms of control electronics. 


Advantages of the Microcomputer Approach 


In many fields (such as my own, which is psychology), people still use very 
expensive and outdated logic equipment. Photo 1-1 shows a view of racks con- 
taining apparatus of this sort. There are many relays, counters, and, above all, 
wires. Photo 1-2 shows a close-up of the back of one of the racks, and Photo 
1-3 shows a closer view of the front. Equipment of this type costs about $35 
per logic gate, is very difficult to reconfigure, and, because it usually uses 
many mechanical devices, is not at all reliable. One can spend tens of thou- 
sands of dollars for such equipment. 

Photo 1-4 shows my developmental laboratory. The TRS-80 drives the pro- 
totyping board on the right, which in turn hooks up to the light-colored board 
on the relay rack. Notice how bare the relay rack is. The TRS-80 can do the job 
of most of the the equipment in the first three photos and do it more reliably 
and much more cheaply. More importantly, you can reconfigure the whole ex- 
periment in seconds by loading in a new computer program. Many times, not a 
wire needs to be changed. 

There are a number of advantages to the microprocessor approach to device 
control: 

1) Microcomputers are very fast. The average microcomputer does about 
a million things per second. A TRS-80 Model I or Model II does only 
about 500,000 things in a second, but that is still very rapid. Each operation is 
small, but at that speed you can do so many of them in any reasonable (in hu- 
man terms) period of time that it simply does not matter. Human reaction 
time, for example, is about 1/5 of a second. In that amount of time, the 
TRS-80 can do 100,000 things. A relay takes perhaps 1/100 of a second to 
close. The TRS-80 can do 5000 things in that time. In short, a microcomputer 
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Photo 1-4. Developmental laboratory 
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can do whatever tasks are required in most control situations and probably 
have time left over. 

This great speed is the secret of the microcomputer revolution. Small comput- 
ers operate so rapidly that even new programmers can get things to work, even 
with very inefficient programs. The practical limit for microcomputers seems to 
be controlling 3000 to 30,000 operations per second. Still, this is very fast. 

The timing of a microcomputer is usually controlled by a quartz crystal, like 
those used in watches. The operations done by the computer, therefore, are 
timed precisely. Computers can provide accurate timing intervals of a sort that 
cannot be matched by ordinary devices. 

2) Microcomputers are extremely dependable. After they have been broken 
in, digital electronics, such as those used in small computers, are uncommonly 
reliable. They simply do not break unless they are severely abused. This excel- 
lent reliability record occurs because these devices are based on transistor tech- 
nology, the technology that makes computers practical. In the early days of 
computers, vacuum tubes were used for the various circuits, and they failed as 
often as they worked. Construction of large computers was impossible with 
such a failure rate. The invention of the transistor changed all that; transistors 
fail very infrequently. As a result, large-scale computers came into being. Mi- 
crocomputers use the same basic technology. The thousands of transistors in a 
microcomputer just do not break very often. 

Such dependability is important for anyone using a microcomputer for seri- 
ous purposes. With microcomputers, any failures that occur are usually with 
the mechanical parts of the system—levers, switches, relays, disk drives, and 
so on. If you are clever enough, you can replace many of the mechanical de- 
vices with electronic ones, further reducing the failure rate. Mechanical 
switches, for example, can be replaced by Hall-effect devices or optical 
sensors. 

3) Microcomputers are very well documented. In the early days of small com- 
puters, it was extremely difficult to obtain information about them. Small com- 
puters were expensive. Manufacturers knew that most people could not afford 
them and provided little information to the individual user. 

This has all changed with the introduction of personal computers, especially 
two of the most popular ones, the TRS-80 and the Apple. There are at least five 
magazines devoted to the TRS-80, and a like number for the Apple. Every byte 
in the controlling programs has been documented. There are many books pub- 
lished about the devices used in microcomputers, written for nontechnical au- 
diences. The Blacksburg Continuing Education series and the Osborne series 
of books are two examples. 

The manufacturers have reversed their stands on supplying information. 
Companies such as Intel, Zilog, and National Semiconductor are seemingly 
delighted to provide information on their products. Some manufacturers 
charge for their books, but for the most part, they are well worth the money. 
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In short, if you want information on microcomputers, you could probably 
find more than you could read, and you will be able to understand it. You can 
understand a great deal about the TRS-80 just from Radio Shack publications. 

4) There is an immense amount of hardware available for microcomputers. 
If you want to hook your microcomputer up to the outside world, you will 
need an “‘interface,’’ usually constructed of digital electronic circuits of one 
sort or another. 

Almost every device you could want is available, usually locally and inex- 
pensively. Semiconductor manufacturers seem to outdo themselves in compet- 
ing with one another in bringing out new, more sophisticated devices. If you 
want a counter, you have a choice of dozens of different types, for about one 
dollar each. There are all sorts of latches, gates, inverters, and on and on. Al- 
most all personal computers use transistor-to-transistor logic (TTL), and that 
is very inexpensive. A gate in TTL costs about five cents. Most manufacturers 
of microcomputer chips have a complete line of interface chips for their own 
devices. For example, there are many input/output chips available. One of 
these, such as the 8255 (at a cost of six to seven dollars), can replace hundreds 
of gates, latches, and so on, making interfacing chores much easier. Hooking 
up such interfacing chips to your computer is usually a simple matter of con- 
necting corresponding wires to the microcomputer chip. 

This hardware is documented fully. Digital circuits do what they are sup- 
posed to do, the first time and every time, if you follow the instructions. 

Circuitry of this sort is standardized, rather completely, across the various 
sorts of microprocessors. As long as you stay within one microprocessor family, 
you usually have a choice of a great number of devices which do the same job. 

Finally, these units are inexpensive. It is difficult to spend more than $10 
for even the most sophisticated chip; the microprocessors themselves cost 
less than that. 

5) You do not have to be an electronics expert to use these devices. A com- 
mon joke among computer people is that one does not have to know anything 
about electricity to use digital circuitry. Modern circuits use only one supply 
voltage, +5 volts. All the signals in the circuits are at one of two possible lev- 
els, either 0 volts or +5 volts. You do not run into all the problems that you 
find with analog (variable voltage) and radio frequency circuits. With sensible 
precautions, the circuits will do what you want them to do. If for some reason 
a device does not work, you throw it away and get a new one. 

Except in certain touchy areas, such as dynamic memories, circuit layout is 
not a critical factor. As you will see in the illustrations later in this book, my cir- 
cuit layout is not perfect. And yet the digital circuits are so well thought-out and 
so forgiving that the project works anyway. Designers have gone to great lengths 
to make things work well together under the most difficult circumstances. 

6) You do not have to be a programming expert. If you choose the proper 
personal computer for your experiments, there is an enormous quantity of 
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software available to you. The problem is generally not one of ‘‘Is there a pro- 
gram already written for the job?”’ but, rather, ‘‘Which one shall I choose?”’ 
There are five or ten editor/assemblers for the TRS-80 alone. It seems that any 
program you want is available. There are a great number of languages avail- 
able in addition to the BASIC that comes with the computer. 

Of course, if you are going to do much work with controllers, you will have 
to write your own programs. Generally, you can do this in BASIC, and most 
people can do it rather rapidly. Again, things are made easy by the tremendous 
amount of literature available in the personal computer market. 

Even machine-language programming is not all that difficult. Since you can 
write most of the program in BASIC, you need to use machine language only 
for critical jobs that require speed or some special feature. If you have difficul- 
ty understanding computer programming, the computer manufacturers pro- 
vide computer programs that teach programming. 

7) Microcomputers are enormously flexible devices. You can, it seems, do 
almost anything with a microcomputer. When you are not using it to control 
experiments, you can use it to do statistics. You can do accounts with it or con- 
trol a ham radio station. You can use it to talk with a big computer; it is possi- 
ble to run an experiment with your computer and have the computer send the 
data to a larger computer for analysis. You can use your computer to make 
other computers (more about this later). 

8) The use of a microcomputer usually eliminates the need for complex digi- 
tal logic designs. In the 1960s, experimental control usually was done with 
complex combinations of TTL circuits, and design of such circuitry was the 
province of the expert. One had to be able to solve logic equations, use Kar- 
naugh maps, and so on. Most people simply could not understand such things. 
Documentation in those days was sparse, highly mathematical, and impossible 
to read. 

You often can solve a digital design problem much more rapidly and far less 
expensively with a microcomputer. You can build a tiny microcomputer for 
about $30. With such a computer you can easily solve horrendous logic prob- 
lems. It is unlikely that you could make a TTL design that cheaply. For exam- 
ple, I made a printer adapter for my TRS-80, using a Z80 microprocessor and 
four other integrated circuits, for $30. A commercial version of this, using 
TTL exclusively, uses 16 ICs, costs $150, and is far less flexible. Logic design 
of any complexity can usually be solved more simply and cheaply with a com- 
puter than with discrete circuitry, unless great speed is required. 

Simplification of logic design was one of the original inspirations for small 
computers. The early computer experts, such as John von Neumann, realized 
that some logic designs were almost prohibitively complex, and they predicted 
that small computers would take over. Like most of von Neumann’s ideas, this 
one has been borne out. 

9) Microcomputers can solve complex, important problems. Many people 
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feel that personal computers are toys, that they have such limited capabilities 
that they are useful only for playing games. Such people simply have not used 
them. A fully configured TRS-80 has 49,152 words of random access memory. 
This is roughly equivalent to 12,000 32-bit words on a larger computer. Such a 
TRS-80 can easily solve something like 50 equations in 50 unknowns. (It may 
take a while.) Twenty years ago, that would have been amazing computing 
power, costing millions of dollars. Microcomputers can do complex text pro- 
cessing, and on and on. The point is that microcomputers are not toys but in- 
stead are full-scale computers with immense possibilities. 


Disadvantages of Microcomputers 


There are, of course, things that microcomputers cannot do very well, but 
they are small in number. 

Although microcomputers are fast, they are not fast enough for some appli- 
cations. Microcomputers can do about a million things per second. In many 
situations, that simply is not sufficient. Very large problems require consider- 
able speed. You need a big machine if you want to go at top speed. But you 
need a lot more money than the $1,000 that a personal computer would cost. 

Most microcomputers have only 65,536 words of memory. That is a tempo- 
rary limitation which is changing even now. If you have a problem that needs a 
million storage locations, you cannot do it on a microcomputer. Again, you 
would have to spend a lot of money to gain that much memory. Memory for 
large machines used to be about $1 a word. 64K on a microcomputer costs 
about $150. 

Software availablity for microcomputers used to be a problem, while there 
was a lot available for mainframes. Now the situation seems to be reversed. 
Large computer manufacturers are getting tighter with their programs, and 
software is being developed very rapidly for microcomputers. 

Disadvantages of microcomputers are fairly minor ones, given the cost of 
the units, and the disadvantages seem to be growing smaller with time. 


Why Choose a TRS-80? 


Most personal computers have similar hardware features. They have about 
the same amount of memory, most have Microsoft BASIC, and the same 
types of peripherals are available. 

The biggest difference among personal computers is the availability of pro- 
grams, and here the choice is easy. There are more TRS-80s and Apples out 
there than anything else, and that means that there is more software for them 
than for the others. Other small computers seem to face a comparative soft- 
ware drought. In short, the choice seems to be between the Apple and the 
TRS-80 at the moment. 

The TRS-80 Model III comes with a lot of extras: a built-in line printer port, 
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an editor, input/output ports, a built-in screen, a faster cassette interface, a 
keyboard that is easy to use, and so on. The greatest advantage to the TRS-80 
is the price. Substantial discounts are available, and if you shop around, you 
can find some good deals on TRS-80 equipment. 

To use this book, you need to know a little BASIC and how to read simple 
circuit diagrams. The BASIC used in this book is as simple as I could make it; 
you can learn in a week all the BASIC you need. Digital circuit diagrams are 
little more than maps showing interconnections of single wires. 


What Equipment Do I Need? 


To do all the experiments in this book, you need a TRS-80 Model III with 
16K and Level II BASIC. A cassette recorder would be helpful, but it is not es- 
sential. You need a prototyping board, as shown in Chapter 4, and miscellane- 
ous computer parts. The extra materials, other than the computer, should cost 
less than $100 if you are a good shopper. 

You do not need disk drives, plotters, digitizers, or other fancy units. All 
you need is the computer and a few other parts that you will no doubt find use- 
ful at a later date. 


Chapter 2 
Connecting the TRS-80 
To the Outside World 


I: YOU LOOK AT THE BOTTOM of your Model II], in the center of the comput- 
er, you will see a big slot, with a 50-pin connector in it (see Photo 2-1). The 
pencil points to the slot. Connections to the TRS-80 are made through this 
slot. The purpose of the pins of this connector are given in Appendix I. You 
do not need a detailed consideration of them at this point but you might want 
to look over the names of the pins. It is really a 25-pin connector, for all the 
pins towards the back are grounded. The input/output connector is driven by 
devices of the 74LS245 class, so a fair number of devices may be driven from 
the connector without further buffering. 


Inside the TRS-80 


The microprocessor in the TRS-80 is the Z80, manufactured by Zilog (see 
Photo 2-2). At this point, you do not need to know a great deal about the 
Z80, except that it is the unit in the computer which does most of the work. It 
is a 40-pin integrated circuit, and many of the pins come out, one way or an- 
other, to the connector on the bottom of the TRS-80. A simplified diagram of 
the TRS-80 is shown in Figure 2-1. As you can see, almost everything in the 
computer hooks up to the Z80 in some fashion. 

The wires on the right side of the diagram ultimately go to the input/output 
connector. There are nineteen of them. Eight are data lines, eight are address 
lines, and the remaining three have to do with whether data is going out from 
the computer or coming into it. 

This probably seems like a lot of lines, but each wire can have only a volt- 
age of 0 volts or a voltage of 5 volts on it. Nothing else is permitted. If you 
have a little more than 0 volts on a wire, the computer will call it a 0, and if 
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you have a little less than 5 volts, the computer will consider it a full 5 volts. 
Over the years, many symbols have been used for these two ‘“‘states,’’ as they 
are called. They are as follows: 

0 Volts 5 Volts 


Way | L H (for high/low) 
Way 2 0 1 (binary arithmetic) 
Way 3 Clear Set (rarely used) 


The system you choose makes little difference. For 5 volts, you can say H or 
1, and for 0 volts, say L or 0 interchangeably. I use zeros and ones most often. 

You may already have thought that high could correspond to, say, a light 
being on, and low could correspond to the same light being off. If you could 
make data line 0 (DO) low or high, you could control a light. Since there are 
eight data lines, you could control eight separate lights, or the computer could 
sense the voltage on each of the data lines and tell whether something outside 
was turned on or off. It is more complicated than that, but the idea is sound. 





Photo 2-1. Slot on bottom of Model III 


The OUT Statement in BASIC 


Assume that there is a light of some sort hooked up to data line DO and that 
you want to turn it on and off. BASIC provides a simple way to do this: 


OUT 0,1 to turn it on, 
OUT 0,0 to turn it off 
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The 1 means on, and the 0 means off. When you say OUT 0,1 the TRS-80 
puts 5 volts on DO for just an instant. If you say OUT 0,0 it puts 0 volts on DO 
for an instant. 

The first 0 in OUT 0,0 refers to the address lines that I have neglected so far. 
The computer puts the value in the first number onto the address lines for an 
instant. In this way, you can turn on and turn off many different things. The 
things referred to by the first number in the OUT 0,1 are called ‘‘ports.’’? With 
eight address lines, you can have 256 ports, enough for most purposes. 

The command OUT 255,1 would put the following pattern on the data lines 
(listed from D7 to DO) for just an instant: 


D7 DO 
0000 0001 


Each digit is called a ‘‘bit,’’ and all eight together are called a ‘‘byte.”’ 
At the same time, OUT 255,1 would put the following bit pattern on the ad- 
dress lines (A7 through AO) for an instant: 


AT AO 
11111111 = (all 5 volts) 


OUT 255,0 would put 0000 0000 on the data lines, and 1111 1111 on the ad- 
dress lines. This brings up the question of how to get from 255 to 1111 1111. 


TRS 80 
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LINES 


KEYBOARD 


DATA 
LINES 








Figure 2-1. Simplified diagram of TRS-80 


Binary and Hexadecimal Numbers 


Some consistent way is needed to talk about patterns of eight bits. This is 
usually done with hexadecimal numbers, which are defined in Table 2-1. 
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Decimal Bit Hexadecimal 
Number Pattern Number 
0 0000 0 
1 0001 1 
2z 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 
6 0110 6 
7 0111 7 
8 1000 8 
9 1001 9 
10 1010 A 
11 1011 B 
12 1100 Cc 
13 1101 D 
14 1110 E 
15 1111 F 


Table 2-1. Binary and hexadecimal numbers 


Almost all numbers in the microcomputer world are eight-bit numbers. 
That means that you need two hexadecimal digits to handle them. Table 2-2 
contains all possible patterns for the first 256 numbers (0 through 255). With 
Table 2-2 and the definitions of hexadecimal numbers from Table 2-1, you can 
figure out any bit pattern on the data or address lines that you want. 

When you say OUT 255,1 in BASIC (BASIC always uses decimal numbers), 
the bit patterns will be as follows: for 255, we find from Table 2-2 that the 
hexadecimal equivalent is FF. The bit pattern for F is 1111; therefore, the in- 
formation on the address lines is 1111 1111. For the 1 part of OUT 255,1, from 
Table 2-2, you find that the hexadecimal equivalent is 01. The bit pattern for 0 
is 0000, and for 1, it is 0001. You would find 0000 0001 on the data lines. 

What pattern would OUT 255,143 put on the data lines? Table 2-2 says that 
143 decimal corresponds to 8F hex. The bit patterns from Table 2-1 are as 
follows: 

8 F 
1000 1111 
If you wanted to put a 1 on the leftmost bit, D7, the bit pattern would be: 


1000 0000 
or 8 0 hex 


This is 128 decimal, so you would say OUT 255,128. 


Some Built-in Output Ports 
In addition to the big port on the bottom, the Model III has some output 
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ports inside itself that it uses for its own operation. Since they are built-in, you 
can try various bit patterns and your newly discovered hexadecimal abilities 
without any additional equipment. 

Enter the following program and run it. Push PLAY on your cassette re- 
corder before you do it. 


10 OUT 236,2 
20 GOTO 20 


If you run this program, you find that the motor on the cassette recorder 
starts. 

The cassette motor is controlled by a signal to port number 236, in hexa- 
decimal, EC. The computer sends itself, on lines A7 through AO, 1110 1100, 
or EC hex. 

When you send out the signal to port EC, you have to send out the right bit 
combination. The cassette motor is turned on by setting bit D1 of EC to 1; that 
is, the bit pattern: 

0000 0010 
is needed. That is 02 hex, which corresponds to 2 decimal. To turn off the cas- 
sette recorder, push BREAK on the computer. The computer, when it returns 
the READY prompt, automatically turns off the cassette recorder. You could 
also say 10 OUT 236,0 in a program such as the one above. 

Port 236 (EC) does a lot of things. Try this program: 


10 OUT 236,4 
20 GOTO 20 


You get the large characters on the screen. They make no sense, because the 
computer does a lot of other things to make them work properly, which you 
have not done. Bit D2 controls them. 10 OUT 236,4 makes D2 a 1. Again, the 
statement GOTO 20 is necessary, because the TRS-80 always resets itself when 
it says READY. Bit D3 controls the other character sets, such as the Japanese 
Kana characters. You cannot get these to work with a simple OUT statement. 
See page 27 of the Model III operating manual for a program that will make 
them work. 

All the control jobs that you will undertake in the future can be done in almost 
exactly the same way. To do them, you cannot avoid hexadecimal notation and 
bit patterns. You can minimize problems with this notation by getting a calcula- 
tor that does all the hexadecimal-to-decimal conversions automatically and has 
the bit patterns on the keys, such as the Texas Instruments ‘‘Programmer.”’ 


More Details 


Of course, things are not as simple as I have led you to believe. I have left 
out a great deal of detail. Figure 2-1 is oversimplified. It suggests that only the 
output connector is hooked up to the address and data lines. Almost every- 
thing in the TRS-80 is hooked up to those lines. So many things are hooked up 


CONNECTING THE TRS-80 TO THE OUTSIDE WORLD/ 17 


to them that they are called ‘‘busses,’’ implying that they go to many different 
places. When the computer wants to put something in its memory, it uses the 
data lines for the eight bits of data to be transmitted, and the address lines to 
say where the data is to go. There are 16 address lines internally, so the TRS-80 
can address 65,536 (FFFF hex) memory locations. Only AO through A7 are 
brought out through the input/output connector, so you do not have to worry 
about the others. 





Photo 2-2. Z80 


How does the computer tell the difference between memory location 255 
and output port 255? That is a bit more complicated. There are Z80 control 
signals that route the signals to either the memory or the input/output port. I 
will discuss them later. 

The other simplification in the preceding discussion is more relevant. Re- 
member that the data and address signals are present on the wires for just an 
instant. When you say OUT 255,1, the pattern 1111 1111 appears on the address 
lines for 2 millionths of a second, and 0000 0001 appears on the data lines for 1.5 
millionths of a second. Everything changes as the computer goes about its other 
business. 
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Refer to the IN* and OUT* lines in Figure 2-1. When you say OUT 255,1, 
1111 1111 appears on the address lines for an instant, and 0000 0001 on the 
data lines, as mentioned. The computer gives them .5 millionths of a second to 
become stable, and then it sends out a signal on the OUT* line which says, in 
effect, that the data is ready and must be taken from the lines in a hurry. Your 
job is to provide the circuitry to detect the 1111 1111 on the address lines and 
the signal on the OUT* lines and grab the data bits. OUT* is pronounced 
“‘out-not’’ by some people. The asterisk means that the signal is active-low, 
meaning that the important state occurs when the voltage goes from 5 volts to 
0 volts. OUT* is denoted in some books by OUT with a line over it. 

Decoding the address lines and taking the OUT* into account may sound 
like a tall order but really is not. There is a period of about 2 millionths of a 
second to do all this, which sounds alarmingly fast. Semiconductor manufac- 
turers, however, make integrated circuits which do the job in, say, .01 mil- 
lionth of a second. You just hook up an address decoder IC to decode 255, an- 
other chip to combine this with the OUT* signal, and hold the data in a 
“latch.’’ The latch will hold it forever, or at least until 255 and OUT* come 
through again on the wires from the input/output port. 

Computer manufacturers have figured out all of these problems, and you 
have to buy only the pieces you need to do the job. All the parts are available, 
and you just plug them in. They also make chips that do the whole job, and 
which yield not one but a number of ports. The 8255 is such a chip. It makes 
interfacing devices to the TRS-80 a very simple job. 


Inputting Data 


Getting data into the computer is a little harder. You have probably caught 
on to the fact that data is always transferred eight bits at a time from the 
TRS-80. From Table 2-2, you can see that this limits the possible numbers 
which can be output to those from 0 to 255. If you do not want to consider the 
signals on the data lines as numbers, you can regard them as bits which can be 
either on or off. The computer does not care. 

To input data through the input/output port, use the INP statement. To get 
the information from port 255, say A=INP(255), and the computer tries to 
get the data through the input/output port. It puts 1111 1111 on the address 
lines, makes the wire marked IN* low, and attempts to get the data into the 
computer. 

There is a further complication when you take data into the computer. The 
integrated circuits that handle data lines in the TRS-80 are normally set up for 
output. You must tell the computer that you want them turned around for in- 
put, by means of the EXT IO SEL* wire on the port. You must make certain 
that EXT IO SEL* (external input/output select) is low to read data into the 
computer. In short, to input information into the computer, you must decode 
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the address, put the data on the data lines from outside, and when the address 
is decoded properly and IN* goes low, you must make EXT IO SEL* go low as 
well. If you do not, all you will get from an INP command is 255, which is FF 
hex, meaning that nothing is hooked up. 

You must be very careful about using EXT IO SEL*. If data is to be taken 
into the computer when the computer is somehow trying to output data at the 
same time, and if EXT IO SEL* is low, a ‘‘bus conflict’’ will occur. Suppose 
you are supplying +5 volts externally to D5, and the computer is supplying 0 
volts on DS as an output. If you have a bigger power source than the computer 
does, you could burn out something in the computer. If you’re lucky, the com- 
puter will simply reset itself to the CASS? prompt, but sooner or later, your 
luck will run out. 

You are probably worried about how to change EXT IO SEL* at the proper 
time. The computer manufacturers make integrated circuits to do it. As al- 
ways, everything is available to the computer tinkerer, and this device costs 
about 50 cents. 


Internal Input Ports 


The Model III has many internal input/output ports. The Model I had only 
one (for the cassette recorder and certain other things). For demonstration 
purposes it is interesting to talk about these. I mentioned port 236 (EC hex). 
You can read data from it, but it is not very interesting to the novice. 

Port 248 (F8 hex) is the printer port. This port is hooked up to the little slot 
at the left in Photo 2-1 (see your manual). 

If you program OUT 248,65, the BASIC direct mode, the TRS-80 sends the 
letter A to the printer, since 65 is the ASCII code for A. That is the way the 
computer prints things. 

You can also read this port, and since it is different from the big port on the 
bottom of the computer, you do not need to worry about the EXT IO SEL* 
line. In direct mode, type PRINT INP(248). If the line printer is hooked up 
and set to go, you will get the number 63 in decimal. The hex equivalent is 3F, 
and the bit pattern is 0011 1111. The lower four bits do not matter. If the print- 
er is not hooked up, the TRS-80 gives 255 decimal, or FF hex, from this port. 
The computer checks the bits to make sure that the printer is ready. If the com- 
puter gets 63 from port 248, it goes ahead with printing. If it does not, it waits 
until 63 appears. Try the LPRINT command. If the computer is not hooked 
up to a printer, nothing happens. You can get out of this mess by hitting 
BREAK. The precise pin definitions of the printer port are shown on page 90 
of your operating manual. 
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10 
20 
38 
40 
58 


70 
80 
98 
106 
116 
120 
130 


200 
210 
220 
230 
249 
250 
260 
270 
280 
290 
300 
310 


REM HEXADECIMAL TO DECIMAL PROGRAM 
INPUT "ENTER HEX NUMBER";AS 


L=LEN(A$)-1 “GET LENGTH 

S=0 “CLEAR SUM 

FOR I=8 TO L “SUMMATION LOOP 

BS=RIGHTS (AS,1) “GET RIGHTMOST CHAR 

AS=LEFTS (A$,L-I) “GET REMAINING CHARS 

B=ASC (BS) “CONVERT TO NUMBER 

IF B>57 THEN B=B-55 ELSE B=B-48 “ADJUST ASCII 

S=S+B*16 [I “BUILD SUM 

NEXT I “END LOOP 

PRINT S “PRINT RESULT 

GOTO 298 “GET ANOTHER NUMBER 
Program Listing 2-1. Hexadecimal-to-decimal conversion 

REM DECIMAL TO HEXADECIMAL PROGRAM 

INPUT "ENTER DECIMAL NUMBER";A “GET NUMBER 

HS="" “NULL STRING 

FOR I=1 TO 4 “START MAIN LOOP 

B=INT(A/(16[(4-I) )) “FIRST HEX DIGIT 

A=A-(B*16[ (4-I) ) *“GET REMAINDER 

IF B>9 THEN B=B+55 ELSE B=B+48 “ADJUST ASCII 

HS=HS+CHRS (B) “BUILD HEX NUMBER 

NEXT I “END LOOP 

PRINT HS “PRINT ANSWER 

GOTO 218 “GET ANOTHER NUMBER 

END 


Program Listing 2-2. Decimal-to-decimal conversion 


Chapter 3 
The Programmable 
Peripheral Interface 


As YOU RECALL FROM THE LAST CHAPTER, when the TRS-80 wants to out- 
put data, it sends out signals which are roughly a millionth of a second long. 
These signals must be trapped in a hurry to be usable. 

There are many ways to do this. You can use a latch like the 74373 to catch 
the data. This is an acceptable but not optimal solution. The 74373 yields only 
one output port, and other integrated circuits must be used to decode the ad- 
dress. If three input/output ports are needed, you must wire up all of those 
parts for each port, leading to a rat’s nest of wires. Connecting all those de- 
vices will eventually overload the TRS-80 input/output bus. 

Chip manufacturers make a variety of devices which are specifically de- 
signed to do the job with the minimum number of parts. Each computer man- 
ufacturer has a chip to suit its microprocessor. Zilog, the maker of the Z80, 
makes an excellent one, called the parallel input/output device (PIO), for the 
Z80. Unfortunately, it cannot be used easily with the TRS-80, because the 
PIO needs certain signals that the TRS-80 does not provide on the input/out- 
put port. 

Intel makes a chip called the 8255 which is nearly as good. It is shown in 
Photo 3-1. For output, it can be hooked up directly to the TRS-80 with no ad- 
ditional parts. To use it for input, you need only one additional integrated 
circuit. 

The 8255 programmable peripheral interface (PPI) is an enormously flexi- 
ble IC with many advantages. 

1) It yields three input or output ports in one device. You can use any of the 
three as input or output, in any combination. 

2) Much of the address decoding is contained on the chip. No additional 
address decoding circuitry is needed to get three output ports. 
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3) It is inexpensive. It costs about seven dollars, which is much less than 
the cost of three separate input/output ports and their decoding circuitry 
and interconnections. 

4) Ports B and C on the 8255 can handle more current than the usual TTL 
circuitry, so they can drive Darlington transistors and other devices that need 
high current without additional circuitry. Again, the parts count is greatly re- 
duced with this chip. 

5) On port C, each bit of the port may be set and reset individually. With 
most input/output chips, if you want to change the outputs from, say 1111 
1111 to 1111 1110, it is necessary to output a whole new word, 1111 1110. This 
is not the case with port C of the 8255. It is necessary to change only the last 
bit, which saves a lot of programming. 





Photo 3-1. The 8255 


For a more detailed discussion of the 8255, see the section on the 8255 in Ap- 
pendix III, reproduced from the Intel Component Data Catalog. I find it the 
best reference on the device. Another good source is the book, Microcomputer 
Interfacing with the 8255 Chip, by Paul Goldsbrough. It is written from the 
machine-language programmer’s standpoint, but it is still very helpful. 


Connecting the TRS-80 to the 8255 


To connect the 8255 to your computer, you need to connect 13 wires from 
the input/output connector on the computer to the 8255, as shown in Figure 
3-1. The 8255 does the rest. 

What you actually do is connect the data lines together, hook IN* up to 
RD* and OUT* to WR%*, and connect the address lines as shown. If you use 
the prototyping setup shown in the next chapter, it will take about 20 minutes 
to do the whole thing. To do input with the 8255, you need an additional inte- 
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grated circuit which you can hook up in five minutes. Using latches to do the 
job would require three times as many wires, decoders, and so on. 

The circuit in Figure 3-1 puts port A of the 8255 at location 0, port B at loca- 
tion 1, and port C at location 2. To output 1111 0111 to port B, simply say 
OUT 1,247. Remember that 1111 0111 is hexadecimal F7. Hex F7 translates 
into the 247 decimal that the TRS-80 expects. To clear all the bits on port C, 
send OUT 2,0 to send 0000 0000 to port C. To make bits alternately high and 
low on port A, send OUT 0,170. 170 is hex AA, which is 1010 1010. 


+5V 
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Figure 3-1. Connections of 8255 to TRS-80 


Setting up the 8255 


You must set up the 8255 in your program before using it. The 8255 contains 
one more register, other than ports A, B, and C. This is port 3, the control reg- 
ister. (See the decoding scheme in Figure 3-1.) By outputting various things to 
port 3, you can change the operation of the 8255 from your program, without 
changing any wires. For example, if OUT 3,128 is sent to the chip, ports A, B, 
and C will all be outputs. You must do this before you can use the ports in any 
way. If OUT 3,155 is sent, ports A, B, and C will all be inputs, from that time 
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on. A full list of combinations is given in the Intel data sheets in Appendix III. 
A shortened list is as follows: 
OUT 3,* Port A Port B Port C 





128 out out out 
137 out out in 
130 out in out 
139 out in in 
144 in out out 
153 in out in 
146 in in out 
155 in in in 


You can make the ports any direction you want, just by using the proper 
OUT 3,X command. (X is the value of whatever you want to output.) You 
must do this before you do anything with the 8255. 

You can split port C into halves, making each half an input or output at 
will. The 8255 will handle interrupts very nicely. I will confine my discussion to 
these eight combinations. 


How Is the Address Decoded? 


There does not seem to be any address decoding in Figure 3-1. How can the 
circuit possibly work without decoding? The TRS-80 service manual for the 
Model III mentions that port addresses from 128 and up are reserved for sys- 
tem use. You could probably safely use all port addresses below about 200, but 
this discussion will concentrate on 127 and below. Take a look at the bit pat- 
tern for several addresses: 


Decimal 
Address AT AO 
0 0000 0000 
1 0000 0001 
2 0000 0010 
3 0000 0011 
55 0011 O111 
100 0110 0100 
127 Oll1 1111 
128 1000 0000 
129 1000 0001 
200 1100 1000 


255 1111 1111 
The systematic difference between the addresses up to 127 and addresses 128 
and above is that, below 127, bit A7 is low, and above 127 (that is, 128 and 
above), A7 is high. 
The important thing to avoid is having the 8255 triggered accidently by 
something going on inside the TRS-80, some internal function such as cassette 
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input/output, printer output, RS-232, changes in screen format, and so on. 
These are all controlled by addresses above 127. As long as these addresses are 
not used, nothing will be sent out to the 8255, unless you, not the computer’s 
internal operations, want it to be sent out. You can say that anything sent out 
using an address with bit 7 high is assumed to be useful only to the system. You 
can use anything with bit 7 low. In other words, if you could make the 8255 op- 
erational only when bit 7 of the address line is low, the problem would be 
solved in a simple way. 

Refer to Figure 3-1. Notice that address line 7 is connected to a pin on the 
8255 which is marked CS*. CS stands for ‘‘chip select.’’ The asterisk (some- 
times a line above it) means ‘‘active low.”’ In other words, the 8255 will go into 
action whenever CS* is at 0 volts. You want the 8255 to be selected with ad- 
dresses below 128 and ignored with the remainder. That is just what happens if 
you hook CS* up to A7. 

Decoding of ports A, B, and C of the 8255 and decoding of the control regis- 
ter is handled internally by the 8255 through the AO and A\ lines. 

You may have noticed a potential problem with this simple scheme. I have 
ignored everything in the address but bits 7, 1, and 0. To address port 0 or A of 
the 8255, you could send to any of the following ports: 

Port Bit Pattern 
0 0000 0000 


4 0000 0100 
8 0000 1000 


120 0111 1000 
124 0111 1100 


In any of these (and many more) A7 is 0, Al is 0, and AO is 0. There are 32 
possible addresses for each port in Figure 3-1. This creates no problem with 
only one device. 

If this ambiguity seems unsatisfactory, refer to the discussion of more com- 
plex decoding schemes in Chapter 9. The arrangement of Figure 3-1 works 
fine, and you cannot beat the simplicity of the arrangement. It provides three 
ports with 24 individual lines—all with only one chip. 


Chapter 4 
Using a Prototyping Board 


No DEVELOPMENT HAS BEEN MORE HELPFUL to experimenting with ICs 
than the prototyping board. Making circuits with flea clips and perf-board is 
inefficient, and designing a new printed circuit board every time you make a 
small wiring change wastes time. With a prototyping board, you can con- 
struct complicated circuits in a short period of time. If you find something is 
wrong, you can change it immediately. 

Most of the circuits used in this book work from a single +5 volt supply; 
this means that it is almost impossible to ruin the integrated circuits by mak- 
ing an incorrect connection. If there are both +5 volt and + 12 volt circuits 
on the same board, you can be sure that at some time you are going to hook 
the +12 up where you should have hooked up +5 and destroy an IC. 

The prototyping board I use is shown in Photo 4-1. Notice that there are 
many little holes on 0.1 inch centers. An integrated circuit is plugged into the 
board as shown in Photo 4-1, straddling the wide line in one of the columns 
on the board. The holes adjacent to the IC are then available to use for hook- 
ing up connections to the IC pins. There are five holes in each part of a row. 
That means that if a 14- or 16-pin IC is plugged in, four openings will be left 
on each side for making connections. With larger integrated circuits, fewer 
holes are available for connections. With a 40-pin circuit, two holes remain 
on one side and three on the other. This is usually enough to do the job. 

On bigger boards, there are busses for the common voltages. As you can 
see, these go down each side, and another bus strip goes across the top. On 
one of these busses, + 5 volts is placed; the other is grounded. All the voltages 
needed are immediately adjacent to the ICs. 

There are several manufacturers who make prototyping boards. The one in 
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Photo 4-1 is made by Global Specialties in New Haven, Connecticut. Radio 
Shack sells small boards. 

Buy the biggest prototyping board that you can afford. You will need sucha 
board in the following chapters. There is never enough room on a prototyping 
board, no matter how big it is. The boards are not cheap (mine cost $65), but 
they will save you hundreds of hours of work. 

To make a TRS-80 interface, you must have at least two things on the board 
for each circuit: power leads and a way to connect the board to the input/out- 
put socket on the TRS-80. 





Photo 4-1. Prototyping board 


Power Connections 


Power connections are easy to make. I use red wires for +5 volts and black 
wires for the ground leads. You should use #22 solid insulated wire for all con- 
nections on a prototype board. On vertical bus rows, I make the leftmost col- 
umn the +5 volt lead and the rightmost one the ground lead. On top, I use the 
upper row as + 5 volts and the one below it as ground. If there is a binding post 
attached to the metal plate holding the prototyping strips, it should be con- 
nected to the ground lead to provide a ground plane for the integrated circuits. 

At the top and bottom of each vertical bus row, a 0.1 microfarad ‘‘despik- 
ing’’ capacitor should be inserted from the positive bus to the negative (or 
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ground) one. This capacitor smoothes out the voltage spikes that are made by 
TTL circuits as they work. You can get by without despiking capacitors, but 
sometimes very peculiar and unexpected things happen if they are left out. 
They are good insurance. 

Try to get components that fit the holes in the prototyping board. You 
should generally use #22 wire. Capacitors and resistors, however, frequently 
have wires that are too small. They will probably work, but you will have to 
worry about them. Avoid wires that are too large; they will eventually ruin the 
contacts on the prototyping board. In all, prototyping boards seem to be very 
forgiving devices. 


Connecting to the TRS-80 Input/Output Port 


Hooking up the prototyping board to the Model III is a bit of a challenge. 
The connector on the Model III is a 50-pin one. You can obtain jumper cables 
that plug into the prototyping board just like an IC. I have not found a 50-pin 
version of these; thus, I had to make do with a one-ended, card edge connector 
cable. These are available from local distributors. Mine is an AP Products 
#924016-36-R. 

One end of the cable plugs into the TRS-80, but the other end is unstripped 
and untinned. I stripped the wires with a tiny pair of diagonal cutters. This is 
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Photo 4-2. Input cable connection 
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something of an art, so practice with some old wires before attacking your ca- 
ble. Then, I tinned them with solder rather heavily and stuck them into the 
holes in the upper left-hand corner of the prototyping board. The pins on the 
back of the input/output port of the TRS-80 are all ground, and they can be 
plugged into the ground bus strip. The other wires can be plugged into the 
sockets next to them. Photo 4-2 shows a close-up of this arrangement. In my 
system, the odd-numbered pins from the TRS-80 are arranged from bottom to 
top, starting with 1 and ending with 49 (see Appendix I). 

To make certain that the whole cable does not get pulled out by accident, I 
mounted the prototyping board on a piece of wood and then screwed a piece of 
Lucite on top of the wires to hold them in place. See Photo 4-2. You must drill 
holes in the prototyping board to mount it. Do it very carefully, because if the 
sheet metal is bent, the plastic strips that hold on the prototyping strips will be 
damaged. 

The net result is not an elegant arrangement, but it works well. The wires 
make good contact, and do not pop out. The tension on the wires apparently 
holds them in quite firmly. 

The 50-conductor cable should be kept as short as possible for best opera- 
tion. If it is too long, time delays will be introduced. I left mine at the full 36 
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Figure 4-1. Indicator light circuit 
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inches, and it has worked well. At some point, however, the long cable is going 
to cause difficulties. 


Display Lights 


It is handy to have some indicator lights on the prototyping board so that 
you can see what is coming out of the 8255. It is easy to arrange this on the sort 
of board you are using. Use the circuit in Figure 4-1. This provides eight indi- 
cator lights, which is enough for most purposes. You can see the layout of the 
lights in the close-up of Photo 4-3. I used LEDs because they are cheap and 
compact and they use very little power. The circuit is simplicity itself. Each 
light is hooked up to one section of a 7406 hex inverter, through a 470 ohm re- 
sistor. The input of the hex inverter can then be used to connect to an output 
line on the 8255. 





Photo 4-3. Indicator light circuit 


A 7406 is capable of providing a fair amount of current. An LED runs on 10 
to 20 milliamperes. The 7406 can handle 30, so there is a margin for safety. 
You can use the 7406 to drive small devices, such as relays. 

You want the LED to light up when the input to the inverter is high (that is, 
at +5 volts). If the input to the inverter is high, the 7406 makes it low. That is 
why it is called an inverter. If the LED is connected to +5 volts, it lights be- 
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cause it has 5 volts across it from the +5 volt supply to the 0 volts on the in- 
verter output. 

The hookup diagram for the 7406 itself is shown in Figure 4-2. (Pin dia- 
grams for many of the TTL ICs used in this book are shown in Appendix II.) 
Notice that the package contains six inverters; that is why it is called a hex in- 
verter. Each triangle with a dot on the end is the symbol for an inverter. They 
are identical so that you can use them interchangeably. Hook the ground bus 
up to pin 7, the +5 volts up to pin 14, and all connections are made. 

You may have difficulty determining the proper way to orient the 7406 on 
the board. The end nearest pins 1 and 14 is supposed to be clearly marked, with 
either a big dot, a big notch, or a little circle near pin 1. I have seen many ICs 
that are almost impossible to orient. Semiconductor manufacturers often put 
innumerable dots, notches, and cuts on the surface of an IC. Generally, 
though, there is a bigger notch on one end. The diagram of the IC is drawn 
from the top; it is a top view. 

I use 470 ohm resistors to make the connections from the LEDs to the 7406s. 
Two 7406s are needed. It is wise to arrange the LEDs in order, so that the bit 
pattern may be seen clearly, with A7 on the top and AO on the bottom. It 
works out well to put them in groups of four. 

LEDs are available from a Radio Shack store and from many other sources. 
How can you tell which end is which? The end that connects to + 5 volts is usu- 
ally longer, and there is generally a flat place near the side that goes to the resis- 
tor. Do not leave out the resistors; the LEDs will be ruined if you do. 

It might be difficult to obtain a 7406; it is not the most common integrated 
circuit. You can use a 7404, making the series resistors 1000 ohms rather than 
470. In this case, the LEDs will not be very bright. 


Obtaining Power 


You will need a source of +5 volts. First of all, do not try to take it from the 
TRS-80. You probably could obtain it from inside the machine, but the com- 
puter power supply might be overloaded. Worse, if something is connected im- 
properly on the prototyping board, a large portion of the circuitry of the 
TRS-80 might be destroyed. The Model III is well protected from dangers 
coming in through the input/output port. There is an integrated circuit there 
just for protection, which has a socket so that it can be replaced easily. 

Kits for 5 volt supplies are available from Radio Shack and other sources. 
Prototyping boards with power supplies included are made, but they carry a 
premium price. 

If you have an hour or so, you can build your own supply from scratch. You 
need a transformer that puts out 9 to 12 volts AC at one ampere, a bridge recti- 
fier (100 PIV will do), a 2000 microfarad capacitor (35 volt), and an LM309 in- 
tegrated circuit. Connect it all together as shown in Figure 4-3. The 1 microfar- 
ad capacitor on the output of the supply prevents undesired oscillations. 
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Figure 4-2. Pin diagram of 7406 
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Figure 4-3. Circuit diagram of power supply 
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Fancy construction is not necessary. You can mount everything on a piece of 
wood, using the wood as an insulator. My supply is shown in Photo 4-4. A 
metal enclosure can be used, but it is not necessary. A switch and a fuse on the 
input side of the transformer would be a good idea, and you should insulate 
the power line voltage well to avoid shocks and fires. I built the unit shown in 
Photo 4-4 as a demonstration in frugality. By judicious shopping, I built it for 
under seven dollars, with all new parts. 

The voltage regulator, the LM309, needs metal attached to it to carry away 
heat. If the parts are mounted on wood, you can attach a piece of aluminum 
sheet to the LM309 as shown. If a metal box is used, the IC may be mounted 
directly on the box. No insulators are needed, for the case of the LM309 is 
grounded. 

LM309s and similar power regulator circuits are virtually indestructible. If 
too much current is drawn from them, they simply shut down. A shorted out- 
put has the same result. The 5 volts they provide is well regulated. One ampere 
of current is available from this circuit. 

LM309s are available in several case styles and they have other designations. 
Some manufacturers call them 7805s; others call them LM340T-Ss. 





Photo 4-4. Power supply 


Chapter 5 
Using 8255 Outputs 


You ARE READY TO BEGIN doing something useful with the TRS-80. On your 
prototyping board, plug in an 8255 somewhere and connect it to the TRS-80 ca- 
ble with #22 solid wire, as shown in Figure 5-1. (For convenience, I have repro- 
duced Figure 3-1 as Figure 5-1.) Be very careful in hooking up the +5 volt and 
ground lines. If you put them in backward, the 8255 will be ruined. Hook the 
indicator lights up to port C of the 8255, as shown in Figure 4-1. 

Handle the 8255 carefully. MOS devices are easily damaged by static electri- 
city. On winter days, I often connect a wire from the prototyping board ground 
to the metal strap of my wrist watch when handling devices of this type. 

If a selection of various colors of wire is available, it is handy to use them in 
a systematic fashion. There is a color coding scheme that is used for radio 
parts which might be of use to you. It is as follows: 

Number Color 


0 Black 

1 Brown 
2 Red 

3 Orange 
4 Yellow 
5 Green 
6 Blue 

7 Violet 
8 Gray 

9 White 


Using this scheme, you can connect data, port, and address lines using black 
for bit 0, brown for bit 1, and so on. Unfortunately, most people use red for 
+5 volts and black for 0 volts, or ground. Consequently, the scheme has a 
flaw. I connect things in groups of four, using the series brown, orange, green, 
blue over and over again. At all events, develop a systematic way to make it 
much easier to trace out wires when something does not work. 
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The indicator lights should be hooked up so that the top light is connected 
to bit 7 of port C, and the bottom to bit 0. When all connections are made, 
the board looks like the one shown in Photo 5-1. It could be far neater, of 
course, but the wires will be changed again and again, and the neatness would 
not last long. Operation probably would not be any better, either. 

Before connecting the prototyping board to the TRS-80 through the con- 
nector, check everything by hooking up the +5 volt power supply to the 
board through black and red wires. Be sure that your 5 volt supply is really 
putting out 5 volts. If power is applied to the board, some of the LEDs should 
light. Leave the unit on for a while. If there is no smoke, it is probably safe to 
connect it to the computer. 


+5V 


TO COMPUTER { 





Figure 5-1. Pin diagram of 8255 


Some Demonstrations 


At long last, you will be able to control something. For the moment, it is on- 
ly the lights on the prototyping board. Each light on the board, however, could 
be connected to something important. Light 0 could trigger an atomic bomb, 
light 1 could set off a laser, light 2 could turn on the Grand Coulee Dam, and 
so on. It sounds like science fiction, but it would not be hard to arrange any of 
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those things, if permission could be obtained. Each demonstration has a BA- 
SIC program that does the work. 





Photo 5-1. 8255 on prototyping board 


Demonstration 5-1 
Turning on All the Lights at Once 


Hook up the prototyping board to the computer, turn everything on, and 


enter the following program in BASIC: 
10 REM LIGHT UP ALL LIGHTS 
20 OUT 236,16 "SET UP TRS-80 PORT 
30 OUT 3,128 ’8255 ALL OUTPUTS 
40 OUT 2,255 *TURN ON ALL LIGHTS 


If you run this program, all the lights go on. The effect is as follows: 


C7 co 
| 1 | | 1 | | | 
-0--0- -0- -O- -0--0- -0- -0- 
| I ! | | | | | 
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-9 -means that the light is on, and @ means that the light is off. If all the lights 
do not turn on, either the program or a connection on the prototyping board is 
incorrect. Fix it before you continue; you will be using this circuit a lot. The pro- 
gram works as follows: 


OUT 236,16—This statement turns on the input/output port on the 
TRS-80. Remember that port EC, or 236, internally controls many things in 
the TRS-80—cassette motor, special characters, screen size, and so on. It also 
controls the activation of the input/output port. You must say OUT 236,16 to 
use the port, and you must do it frequently. The TRS-80 reinitializes itself fair- 
ly often, and when it does that, it resets everything, including port EC. It seems 
to do this whenever it displays READY, and it certainly does it whenever you 
use NEW or CLEAR. Consequently, you cannot say OUT 236,16 once and as- 
sume that the port will remain available forever. You must do it every time you 
run the program, and it does not hurt to do it more than once in a program. 

Recall from Chapter 3 that you must set up the 8255 before using it. The 
statement OUT 3,128 selects which ports of the 8255 are to be inputs and 
which are to be outputs. Outputting the value 128 to port 3 makes A, B, and C 
all outputs. (See Chapter 3.) The indicator lights are hooked up to port C, but 
later, you might want to use ports A and B as outputs. This statement makes 
them available. OUT 3,128 is used throughout this chapter. 

The statement OUT 2,255 turns on the lights. Many of them may have been 
on from power-up; this statement turns on the rest. It says to output the num- 
ber 255 to port C. 255 decimal is FF hexadecimal. FF corresponds to the bit 
pattern 1111 1111. The lights come on when there is a 1 in that respective bit 
position, and thus all the lights are turned on. 


Demonstration 5-2 
Turning off All the Lights at Once 


This is a nice contrast to the last demonstration. Type in the following pro- 
gram. It differs, really, only in line 40, so you can use the TRS-80 line editor to 
change it. 

10 REM TURN OFF ALL LIGHTS 

20 OUT 236,16 SET UP TRS-80 PORT 

30 OUT 3,128 °8255 ALL OUTPUTS 

40 OUT 2,0 ’TURN OFF ALL LIGHTS 


If you run this program, the following light pattern results: 


C7 C 
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Lines 10, 20, and 30 are the same as the program in the previous demonstra- 
tion. In line 40, the statement OUT 2,0 outputs the value 0 to port 2 (port C) of 
the 8255. Decimal 0 is 00 in hex, and the bit pattern associated with that is 0000 
0000; thus, all the lights turn off. OUT 2,0 is a handy way of setting all the 
lights to 0. 

Change the value in line 40 back to 255 and run the program. Change line 40 
back to 0 and run the program again. The lights go on and off at your com- 
mand. If you can control lights in this manner, you can use the same electrical 
impulse to control anything. 


Demonstration 5-3 
Blink All the Lights at Once 


Editing and running the program over and over is annoying. The purpose of 
a computer is to save work, so here is a program to do it for you. Enter the fol- 
lowing program: 
10 REM BLINK ALL LIGHTS 


20 OUT 236,16 *SET UP TRS-80 PORT 

30 OUT 3,128 8255 ALL OUTPUTS 

40 OUT 2,255 *LIGHT UP ALL LIGHTS 
50 FOR I=1 TO 100:NEXT I *DELAY 

60 OUT 2,0 *TURN OFF ALL LIGHTS 
70 FOR I=1 TO 100:NEXT I *DELAY 

80 GO TO 40 *KEEP IT UP 


Running this program makes the following two light patterns alternate: 


or co 
| | 1 | | | | | 
-0- -0--0- -0- -0- -0- -0- -0- 
| 1 | | | | | | 
e ee .@ 


Lines 20 and 30 should be familiar by now. They set up the TRS-80 and the 
8255. Line 40 turns on all the lights, and line 60 turns off all the lights, just as 
before. Line 80 simply repeats the process. 

You may not be familiar with the trick in lines 50 and 70. These loops simply 
waste time. The BASIC interpreter is not very fast. It takes a lot of machine- 
language statements to make sense out of and handle one BASIC statement. 
Each loop wastes about a quarter of a second. This gives the eye time to get 
used to all lights or all darkness before things change. 

The effect is pleasing to the eye; it looks rather like an advertising sign. 
Computers, sometimes even microcomputers, are used to control such dis- 
plays. With enough lights and enough computing power, you can create a daz- 
zling scoreboard like those used in ball parks. 

Now try some experiments: 

1) Leave out line 20; that is, omit the OUT 236,16. The program does not 
work. The lights remain in the state that they were in before you ran the pro- 
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gram. The reason is that the 8255 is no longer hooked up to the TRS-80 inter- 
nal busses, for all practical purposes. Remember that READY, CLEAR, and 
other commands disconnect the output port; thus the input/output port is 
usually disconnected. 

2) Omit line 30 and run the program. Surprisingly, the program runs as it 
did before. It works fine, assuming that an OUT 3,128 has occurred before. 
This is because the 8255 has been set up in the previous demonstrations, and 
unless the power to the prototype board is turned off, or something else inter- 
venes, the 8255 remembers the way it was set up. 

In direct mode on the TRS-80, type in OUT 3,155 and press ENTER. This 
makes the 8255 all inputs for the moment. If you run the program without line 
30, nothing happens. The 8255 is not harmed if you send a command to it 
when it is in the input mode. It ignores the command. 

3) Delete lines 50 and 70 or put REM at the beginning of them. This elimi- 
nates the delays introduced by the FOR-NEXT loops. Notice that the blinking 
is a good deal faster, but you can still see it. Again, BASIC is rather slow. To 
do something in a hurry with a microprocessor, you must use the machine’s 
language directly, not through a BASIC interpreter. 

4) Hook the indicator light wires up to both port A and port C. Hook wires 
0 through 3 up to port A (see Figure 5-1 for the pins) and leave wires 4 through 
7 on port C. Run the program, and the lights associated with port C (4 through 
7) are blinking, but those associated with port A (0 through 3) are not. Change 
lines 40 and 60 of the program so that they contain OUT 0 instead of OUT 2. 
This outputs the data to port A rather than port C. When you run the pro- 
gram, lights 0 through 3 blink, but not lights 4 through 7. The 8255 does pre- 
cisely what it is supposed to do. 

To output the data to both ports at once, it is necessary to use two OUT 
statements, one to port 0, and one for port 2, as follows: 


40 OUT 2,255 

45 OUT 0,255 

50 FOR I=1 TO 100:NEXT I 
60 OUT 2,0 

65 OUT 0,0 


Demonstration 5-4 
Blink the Bit 2 Light of Port C 


Hook all the indicator wires back to port C. An alternative is to leave them 
on port A and change the program somewhat. 
Say that you want to blink the light associated with bit 2 of port C. In other 


words, the following bit pattern is to alternate with the next: 
Cr co 


22 2. eee * 
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The following program achieves this result: 
10 REM BLINK LIGHT HOOKED UP TO BIT C2 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,128 8255 ALL OUTPUTS 

40 OUT 2,4 *TURN ON BIT 2 LIGHT 
50 FOR I=1 TO 100:NEXT I *DELAY 

60 OUT 2,0 ’TURN OFF BIT 2 LIGHT 
70 FOR I=1 TO 100:NEXT I *DELAY 

80 GOTO 40 


The third light from the bottom (the bit 2 light) blinks. The statement in line 
40 outputs the bit pattern 0000 0100 to the indicator lights. The reason is that 4 
decimal is equal to 4 hexadecimal, and the bits that correspond to that are 0000 
0100 (see Table 2-1). The statement in line 60 turns off all the lights, not just bit 
2, but that is acceptable in this situation. 

To blink light 7 (the topmost light) you would send out the bit pattern 1000 
0000. In hexadecimal, this is 80; in decimal, it is 128. Line 40 would have 128 in 
it instead of 4. Turning on and off all the bits would be done as follows: 

Bit Number Out 2, 


7 128 
6 64 
5 32 
4 16 
3 8 
2 4 
1 2 
0 1 


Notice that the number to be output from port C is the power of 2 associated 
with the bit number. Some people have trouble seeing this with bit 0. Two to 
the zero power is 1 by mathematical convention. 

Before continuing, try blinking several different indicator lights using the 
table above. Notice that the lights are changed. Again, this is achieved by 
changing the program. 


Demonstration 5-5 
Alternately Blink Top and Bottom Lights 


The pattern would look like this: 
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The program is almost identical to the one in the last section; only the num- 
bers in lines 40 and 60 change. The bit pattern 1111 0000 in line 40 is desired, 


and 0000 1111 in line 60. 1111 0000 is hex FO, and 0000 1111 in line 60 is OF. 
Refer to Table 2-2 for the numbers which correspond to these. 
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Demonstration 5-6 
Blink Adjacent Lights 


Suppose that lights 7,5,3,1 are to be illuminated first, and then lights 
6,4,2,0. The odd-numbered ones come first, followed by the even-numbered 
ones, like this: 

C7 CO 
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The following program will do it: 
10 REM BLINK ODDS AND EVENS 


20 OUT 236,16 *SET UP TRS-80 PORT 

30 OUT 3,128 ’8255 ALL OUTPUTS 

40 OUT 2,170 *LIGHT UP ODD LIGHTS 
50 FOR I=1 TO 100:NEXT I *DELAY 

60 OUT 2,85 *LIGHT UP EVEN LIGHTS 
70 FOR I=1 TO 100:NEXT I *DELAY 

80 GOTO 40 *KEEP IT UP 


The program is essentially the same as the others, except for the numbers in 
lines 40 and 60. The bit pattern for the odd-numbered lights is 1010 1010. That 
is AA in hex and 170 in decimal, hence the 170 in line 40. The bit pattern for 
the even-numbered lights is 0101 0101. That is 55 in hex, 85 in decimal. 

The next task is to figure out how to make the end four lights light up and 
then the middle four lights. The bit pattern is 1100 0011 alternating with 0011 
1100: 


C7 co 
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You should be getting a feel for the relationship between the numbers in the 
OUT statements and which lights are being turned on and off. It is not at all 
complex, as you can see. 


Demonstration 5-7 
Blink Lights Sequentially from Bottom to Top 
In this demonstration, a light blinks on and moves, as shown: 


C7 CO 
| 
= 6 Ae 8 O>8- 





USING 8255 OUTPUTS/ 43 


This is particularly interesting, for it shows how to save programming 
through the use of mathematics. You want to start out with the bit pattern 
0000 0001, wait a bit, put out 0000 0010, then 0000 0100, and finally, end up 
with 1000 0000. You could do it with many statements, in this fashion: 


40 OUT 2,1 

50 FOR I=1 TO 100:NEXT I 

60 OUT 2,2 

70 FOR I=1 TO 100:NEXT I 

80 OUT 2,4 

90 FOR I=1 TO 100:NEXT I 

This is the middle section of the program. You would need 16 statements to 

do the job, in addition to the ones which set things up, and so on. This is a total 
of eight OUT statements and eight delay statements. It is much more simple to 
use the following program: 


10 REM BLINK LIGHTS SEQUENTIALLY 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,128 8255 ALL OUTPUTS 
40 FOR J=0 TO7 *LOOP STARTS HERE 
50 A=2tJ "A IS 2 TO J POWER 
60 OUT 2,A *?OUTPUT VALUE 

70 FOR I1=1 TO 100:NEXT I "WASTE TIME 

80 NEXT J "END LOOP 

90 GOTO 40 *KEEP IT UP 


This program uses the relationship shown in Demonstration 5-4 between light 
locations and the powers of 2. You want to output, first, 2 to the zero power, 
then 2 to the first power, and so on, ending with two to the seventh power. 
BASIC has exponentiation built into it. Line 50 means ‘‘A equals 2 to the J 
power’’ in BASIC. The up arrow prints as a left bracket on the Model III. The 
FOR-NEXT loop sets J to 0 first, then makes it 1, 2, 3, 4, 5, 6, and 7. 

If you have difficulty understanding the concept of exponentiation, put this 
line into the program: 55 PRINT J,A. You can see which numbers are being 
used. If things move too rapidly on the screen, change the delay in line 70 to 
something longer. A value of 1,000 gives you time to examine the numbers. 

Try changing the limits of the FOR-NEXT loop in line 40. To scan only the 
first two lights, change line 40 to: FOR J =0 TO 1. To scan the top three lights, 
change line 40 to: FOR J =5 TO 7. Think about how you would skip scanning 
the two lights in the center but scan all the others (that is, skip bits 3 and 4). I 
will give you a hint. You need an IF statement. If J equals 3 or 4, omit the OUT 
statement. In all of these, notice the way that changes in the program make 
changes in the wiring and logic circuitry unnecessary. 


Demonstration 5-8 
Blink Lights Sequentially from Top to Bottom 


The light pattern is as follows: 
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The lights flash one at at time, starting at bit 7. This is a bit trickier, but not 
much. To accomplish this, you must reverse the order in which things are 
done. The easiest way to do this is to change line 50 in the last program to: 50 
A=21(7—J). The first time through, J is 0, and the expression in parentheses 
is equal to 7 (7 minus 0). Variable A is 128. When A is output to port C, light 7 
lights up. The next time through the loop, J is 1, and the expression in paren- 
theses is 6 (7 minus 1). Two to the sixth power is 64. When output, this value of 
64 makes light 6 light up. 

To see how rapidly BASIC operates, delete line 70 to take out the delay in 
the program. There is, however, a definite limit to how fast BASIC will do 
things. If you did your programming in machine language, the lights would 
move so rapidly that the motion would be a blur. 


Demonstration 5-9 
Turn a Light On and Off from the Keyboard 


To this point, the examples have not yielded much control over the order in 
which things happen. This is easy to arrange from the TRS-80 keyboard, as is 
controlling outputs from external events. Assume that you want to turn on the 
lowest light (bit 0) when you push 1 on the keyboard: 


C7 Co 
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You can also turn it off when you push 0 on the keyboard: 


C7 CO 
eoeeeeeee 


The following program accomplishes this: 
10 REM SELECT LIGHT FROM KEYBOARD 


20 OUT 236,16 *SET UP TRS-80 PORT 

30 OUT 3,128 8255 ALL OUTPUTS 

40 A$ = INKEY$ *GET KEY PRESS 

50 IF A$ = ‘‘’? THEN 40 ELSE 60 *CHECK FOR KEY PRESS 
60 IF A$ =‘‘0’? THEN OUT 2,0 ELSE 80 *BIT 0 OFF 

70 GOTO 40 *KEEP IT UP 

80 IF A$ =‘‘1’? THEN OUT 2,1 ELSE 40 *BIT 0 ON 

90 GOTO 40 *KEEP IT UP 


This program uses the INKEY$ function. In line 50, a check is made to see 
whether a key has been hit. If one has not, the program goes back to line 40 to 
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look at the keyboard again. If something other than the null string (no key 
press) is returned, it goes on to line 60. 

In line 60, the program determines whether 0 has been pressed. If it has, all 
lights are turned off. If it has not, the program goes to line 80, where it deter- 
mines whether 1 has been pressed. If not, the program goes back to look at an- 
other character from the keyboard; apparently a key other than 0 or 1 has been 
pressed. If it finds the 1, it turns on bit 0 with the OUT statement in line 80. 
You may find this example trivial, but bit 0 could be controlling the output of 
the Niagara Falls power plant through some external circuitry. 


Demonstration 5-10 
SET/RESET a Bit on Port C the Hard Way 


When using output ports, you usually do not want to change all the bits at 
once. Bit 0 may control a heater, bit 1 a light, bit 2 a noise, bit 3 a water faucet, 
and so on. Assume that the heater, light, noise, and water are all on. Further 
assume that you decide that the water is to be turned on and off, while the 
other devices remain unchanged. 

Assume that all bits are to be on, except for bit 3, which is to be flashed on 
and off, leaving the other bits as they were. It looks as follows: 


C7 ce 
| 

@®ee8e-0-e@ @ @ 
| 

eeeee%eee @ 


To accomplish this, the computer must know which bits were on when 
things started. The program looks like this: 


10 REM SET/RESET BIT 3 ON PORT C THE HARD WAY 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,128 8255 ALL OUTPUTS 
40 X0=1:X1 =1:X2=1:X3=1 "INITIAL VALUES 

50 X4=1:X5=1:X6=1:X7=1 

60 IF X3=1 THEN X3=0 ELSE X3=1 *TOGGLE BIT 3 


70 REM NEXT LINE FIGURES OUT WHAT TO SEND TO PORT C 
80 XX = 128*X7 + 64*X6 + 32*X5 + 16*X4 + 8*X3 +4*X2+2*X1 + 1*X0 


90 OUT 2,XX *OUTPUT VALUE 
100 FOR I=1 TO 100:NEXT I *DELAY 
110 GOTO 60 *KEEP IT UP 


This is most difficult. Lines 40 and 50 specify the initial states of bits 0 
through 7. They are all ones; that is, all the lights are on. 

Line 60 is subtle. It says, in effect, ‘‘If X3 is 1, then make X3 equal to 0. If 
X3 is 0, then make X3 equal 1.’’ You may have to look at it for a long time to 
see what is happening. It changes the state of the value associated with the 
third bit, X3. 

Line 80 is the troublesome one. You want to output either the value FF hex 
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(255 decimal) or the value F7 hex (247 decimal). The bit positions are 1111 
1111 or 1111 0111. You want to retain the initial values for all bits, other than 
bit 3. Bit 3 changes according to the value given to X3. 

To output the needed values, you have to reconstruct the byte from the bits. 
You have to make up the 8-bit word to send out from the various bits. The 
TRS-80 wants it as a decimal number, not a binary one. 

Recall that each bit in a word has a power of 2 associated with it. Bit 7 is 2 to 
the seventh power, or 128; bit 2 is 2 to the second, or 4; bit 0 is 2 to the zero, 
and so on. Asa result, to reconstruct the word, you multiply the state of the bit 
(0 or 1) by the power of 2 associated with that bit and add them up. Look at 
line 80 of the program: 

XX = 128*X7 + 64*X6 + 32*X5 + 16*X4 + 8*X3 +4*X2 + 2*X1 + 1*X0 

Each bit is multiplied by the appropriate power of 2. That is a lot of work. 
The TRS-80 has to do a lot of calculation just to reconstruct that word, and it 
takes quite a while to do the computations. Each time bit 3 is turned on or off, 
the whole word must be reconstructed and sent out. 

Unfortunately, this situation of keeping all bits but one the same is the norm 
when you use the TRS-80 as a controller. Usually, you want to change only 
one or two bits at a time, not the whole word. With ports A or B, you must do 
it in the manner prescribed above. This method is slow and a lot of trouble. 
There is an easier way with port C, which I shall explain shortly. You could use 
the logical function AND, which is shown in the next chapter. 

Change the initial values for some of the bits and see what happens. Notice 
that the program does not work very rapidly, because of all the calculations 
going on in line 80. As I said, there is a limit to the speed at which BASIC 
operates. 


Demonstration 5-11 
SET/RESET Port C Bit the Easy Way 


The problem posed in the last section can be solved a good deal more easily 
in machine language, especially with the Z80, which has just such features 
built in. It is still necessary to store the last value of the word which is to be out- 
put somewhere and fiddle around with it. 

Semiconductor designers want to make things as easy as possible and conse- 
quently provide a feature in the 8255 which is immensely useful. Individual 
bits in port C may be changed at will, on output. 

Assuming that the bits are numbered from 0 to 7, as they always are in this 
book, you do the following things: 
°To set the bit (make it 1, or +5 volts) send out 2 times the number of the bit 
+1 to the output port of the control register, register 3. 
©To clear the bit (make it 0, or 0 volts), send out 2 times the number of the bit 
to the output port of the control register, register 3. 

To set bit 3, output 2 times 3 + 1, or 7. Program OUT 3,7. To clear bit 3, sim- 
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ply output 2 times 3, or 6, saying OUT 3,6. Notice that the value is not output 
to port 2, which is usually port C. It is sent to port 3. The 8255 is smart enough 
to know what to do (look at the Intel data sheets in Appendix III to see just 
why this is the case). 
A simple program to flash bit 3 follows: 
10 REM SET/RESET A BIT ON PORT C THE EASY WAY 


20 BT =3 *SPECIFY WHICH BIT 
30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,128 ”8255 ALL OUTPUTS 
50 FOR I=1 TO 50:NEXT I *DELAY 

60 OUT 3, 2*BT ’*MAKE DESIRED BIT 0 
70 FOR I=1 TO 50:NEXT I *DELAY 

80 OUT 3, 2*BT +1 ’*MAKE DESIRED BIT 1 
90 GOTO 50 *KEEP IT UP 


Notice that all the bits light up, except bit 3, which blinks. Change the value 
of BT. You can make any of the bits blink at will by changing variable BT. 

You cannot use this procedure with ports A and B. Consequently, you must 
use the more difficult method, shown in the last demonstration. 

If you have done all the examples so far, you know the basic ways of turning 
things on and off using BASIC. Any desired bit may be turned on or off at any 
time and for any desired duration. The timekeeping clock of the TRS-80 can 
be used to track when things go on and off accurately. Output with the TRS-80 
and the prototyping board is very simple. 

With this simple setup, it is possible to control 24 separate devices at one 
time. It is unlikely that you would ever need more than that. 


Chapter 6 
Inputting Data 


As YOU CAN SEE, outputting signals with the TRS-80 is not difficult. Input, 
however, is more complex. As I mentioned in Chapter 2, to take information 
into the computer, you must make the EXT IO SEL* line low (0 volts) to sig- 
nal the computer that data is coming in. You must do it at the proper time, or 
the scheme does not work. 

The proper time is defined by the simultaneous occurrence of two things. Re- 
fer to Figure 3-1 again. The 8255 is selected, in this simple scheme, whenever 
AT (address line 7 from the TRS-80) is low. That makes CS* on the 8255 low, 
and the PPI goes into action. A7’s going low is the first condition for input. 

The IN* line from the TRS-80 must be low for you to input data. IN* goes 
low when BASIC encounters an INP statement in a program, meaning that 
data is to be taken in. When IN* goes low, RD* also goes low on the 8255, 
telling the 8255 that it must supply data to be taken into the TRS-80. 

In other words, EXT IO SEL* should go low (to 0 volts) only if IN* and 
A7 are low at the same time. EXT IO SEL* should remain high at all other 
times. The following table lists the possible values. 


IN* A7 EXT IO SEL* 
low low low 
low high high 
high low high 
high high high 


This is a ‘‘truth table,’’ and it specifies the precise conditions under which 
IN* and A7 should be combined to produce the EXT IO SEL* signal to the 
Model III. The problem is one of arranging this electrically. 

There are a variety of devices, called ‘‘gates,’’ that you can use for the job. 
The elementary types of gates and their truth tables are shown in Appendix 
II. Some knowledge of gates is essential if you do much controller work. 
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The two basic types of gates are AND gates and OR gates. Look at the 
AND gate in Appendix II. If the input hooked up to pin 1 of the AND gate is 
high, and the input hooked up to pin 2 is high, the output hooked up to pin 3 
is high. That is why it is called an AND gate. Pin 3 is high if and only if pins 1 
and 2 are high. If either pin 1 or pin 2 is low, or if both of them are low, pin 3 
is low. EXT IO SEL* must be low if and only if IN* and A7 are simultane- 
ously low. If you hooked IN* to pin 1 and A7 to pin 2 of the 7408, pin 3 
would be low if either IN* or A7 were low. EXT IO SEL* would be low far 
too often. When A7 went low in the ordinary business of the computer, data 
would try to come into the computer, and there might be a conflict. The AND 
gate, the 7408, is obviously not the proper device. 

The OR gate, the 7432, is more promising. If IN* is hooked up to pin 1, A7 
to pin 2, and EXT IO SEL* to pin 3, pin 3 goes low only when IN* and A7 are 
low at the same time. If IN* is low and A7 is high, or if IN* is high and A7 is 
low, or if they are both high, pin 3 and hence EXT IO SEL* is high. 

Consequently, the OR gate is the device of choice. Add a 7432 IC to the dia- 
gram of Figure 3-1, yielding Figure 6-1. Notice how the gate has been tucked 
away between the IN* and A7 lines of the diagram. It is a simple change, but it 


+5V 





Figure 6-1. 8255 connections with 7432 
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allows you to take data into the TRS-80 input/output port. Without the OR 
gate, all you will ever read if you try to input data from that port is 255, or FF 
hex, meaning that the TRS-80 thinks nothing is hooked up. Figure 6-1 is the 
basic input/output arrangement used in the remainder of the book. 

There are actually four gates in the simple integrated circuit package shown in 
Figure 6-2. Most ICs have 14 or more pins. If each gate needs three wires, and 
you have four gates, that is 12 wires. Adding two wires for power gives a total of 
14 pins. The pin diagram for the 7432 is shown in Figure 6-2 and in Appendix II. 
The same basic pin arrangement is used for the 7432, the 7408, and the 7400. 

Notice in Appendix II that two types of numbers are listed for the gates. For 
the OR gate, for example, the numbers 7432 and 74LS32 are given. The 7432 is 
the original, high-powered version of the OR gate. In the 74LS32, the LS 
stands for ‘‘Low-power Schottky.’’ LS devices use about 1/5 the electricity 


TOP VIEW 
| 14 +5V 
2 13 
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7432 


Figure 6-2. 7432 pin diagram 
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that the other devices do, with no loss of speed. They do not, however, provide 
as much current to drive other devices. In very simple circuits, such as the ones 
in this book, you can use either type and perhaps even mix them. You must be 
careful about mixing them in more complex circuits. See Don Lancaster’s T7L 
Cookbook for a full explanation of these fine points. LS ICs used to cost more 
than others, but now they are rapidly becoming the most common type. 

Two other gates described in Appendix II are also quite useful. They are the 
NAND and NOR gates. The 7400 and 7402 are much more widely used than 
the 7408 and 7432, because you can use 7400s and 7402s for many other pur- 
poses. If pins 1 and 2 are tied together on the 7400, you have an inverter. If pins 
1 and 2 are high, the output is low, and if pins 1 and 2 are low, the output is high. 
The same will happen with the 7402, although it has a different pin arrange- 
ment. If you try this with the 7408 or 7432, only a buffer results. Inverters are 
much more useful than buffers; consequently, 7400s and 7402s are more 
popular than the others. 

Add a 74LS32 (or 7432) to your prototyping board, as shown in Figure 6-1. 
Now you can begin doing some experiments. 


Adding an Input Switch 


First, you will add a simple switch to one line of port A of the 8255 as an ex- 
periment. The lights connected to port C in the last chapter should remain just 
as they were, and the switch should be hooked up to bit 0 of port A as shown in 
Figure 6-3. Bits 1 through 7 of port A are grounded, and bit 0 of port A is 
hooked up to a switch. When the switch is operated, the bit 0 line of port A 
should be connected to ground. 

The 1000 ohm resistor is called a ‘‘pull-up’’ resistor. If it was not in the cir- 
cuit, the voltage on bit 0 of port A would vary between 0 volts and 5 volts if the 
switch did not short it out to ground. Operation would be unreliable. This is a 





Figure 6-3. Simple input switch 
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common problem with digital circuit inputs. The 1k resistor makes sure that 
the voltage stays near the 5 volt level when the switch does not reduce it to 0. 

A single pole, double throw (SPDT) switch should be used in this applica- 
tion. In Figure 6-3, a single pole, single throw (SPST) switch could be used, 
but in later experiments you will need the SPDT switch. I used two Radio 
Shack number 275-017 switches mounted to an old piece of wood. You will 
need two switches for an experiment later in the book. Photo 6-1 shows the 
whole arrangement. 





Photo 6-1. Switch on board 


Demonstration 6-1 
A First Test of the Input Circuit 


Hook everything up as shown in Figures 6-1 and 6-3. Double-check the con- 
nections and run the following program: 


10 REM FIRST INPUT PROGRAM 

20 CLS *CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 8255 A,B IN, C OUT 

50 A=INP(0) *>GET DATA FM PORT A 
60 PRINT A *PRINT IT 

70 GOTO 50 *KEEP IT UP 


The number | appears over and over on the screen. Operate the switch. The 
number on the screen changes to 0. The number on the screen mirrors the volt- 
age on the wire hooked up to bit 0, port A. Data is indeed being input into the 
computer. 

Line 20 clears the screen to make the number on the screen more visible. 
Line 30 enables the Model III input/output port. Line 40 sets up the 8255 so 
that ports A and B are inputs, and port C is an output. See the Intel data sheets 
in Appendix III or the shortened table in Chapter 3. All initialization is done 
by line 40. 
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Line 50 inputs a value from port 0 and puts it into variable A. Notice in Fig- 
ure 6-2 that all pins of port A are grounded, except for bit 0, which is hooked 
up to the switch. Bits 1 through 7 are all 0. The two possible bit patterns when 
port A is read are 0000 0000 and 0000 0001. In hex or decimal, the first has the 
value 0, and the second has the value 1. Consequently, when INP(0) is read, ei- 
ther a 0 or a 1 results, depending on whether the switch is pressed. Line 60 
prints the value on the screen. Line 70 keeps the program cycling through lines 
50 and 60. 

Input is only a little more difficult than output. You need just one extra part, 
the 7432, plus the switch components. 

Try some other things with this program and hookup. Take the A7 line, cur- 
rently grounded, hook it up to +5 volts, and run the program. The computer 
returns 129 with the switch connected to AO ungrounded and 128 with it 
grounded. 

Recall from demonstrations 5-4 and 5-9 that each bit position in a TRS-80 
byte is associated with a power of 2, and that these are related to the bit posi- 
tions. If A7 is high, 2 to the seventh power, or 128, must be added in. You get 
128, or 129, depending on the switch position. If A7 is grounded again, and A6 
is connected to +5 volts, 64 or 65 appears on the screen, depending on the po- 
sition of the switch. If Al through A7 were all at +5 volts, you would get 254 
or 255, 

Reconnect everything just as it was in Figure 6-3 and, while the program is 
running, unground A7 but do not hook it up to anything. Be careful not to 
touch the wire with your finger or anything else. Remember that MOS devices 
like the 8255 are sensitive to static electricity. 

With A7 floating, what happens seems to depend largely on the particular 
8255 that is used. With the 8255 I used, ungrounding A7 has no direct effect on 
the display. It remains at 1. The reaction you get may differ. Touch A7 briefly 
to +5 volts. Does the display go to 129 and then return to 1, or does it remain 
at 129? My 8255 stays at 129; it tends to remain at the last value it assumed. In 
a working circuit, it is essential that the behavior of the device be predictable. 
That is why you must have the pull-up resistor attached to the switch. Without 
it, you cannot be sure what any input pin of the 8255 will do. 

As a further variation on this experiment, try reading from port C; that is, 
change line 50 of the program to read: A=INP(2). 

The number printed on the screen is 0. When data is taken in from an output 
port, it does not work. In line 40 of the program, port C is defined as an output. 

Try reading from port B (made an input port in line 40) by changing line 50 
to: A=INP(1). I assume that all port B lines are floating (not hooked up to 
anything). If they are hooked up, disconnect them. I get a 0 when I run the 
program but if I touch any of the port B pins to +5 volts, sometimes the bit in- 
volved stays high, and other times it stays high only while the +5 volts is at- 
tached and goes low as soon as it is removed. This is another example of why 
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pull-up resistors are needed. 

If the experiments in Demonstration 6-1 do not work, try running some of 
the programs in Chapter 5 again. If they work, you know that the 8255 is 
hooked up correctly. If they do not, some of the wires on the prototype board 
have probably come loose. You also can double-check the connections in Fig- 
ures 6-1 and 6-3. If all else fails, replace the 7432. In any event, do not proceed 
until you have found the problem, or none of the remaining demonstrations in 
this chapter will function. 


Demonstration 6-2 
Change a Light’s Status with an Input Switch 


In this example, instead of affecting the screen, you change the status of the 
light connected to bit 0 of port C. Be sure that the lights are connected to port 
C just as they were in the last chapter. Use the following program: 


10 REM CHANGE LIGHT STATUS WITH SWITCH 
20 CLS *CLEAR SCREEN 
30 OUT 236,16 °SET UP TRS-80 PORT 
40 OUT 3,146 ’8255 A,B IN, C OUT 
50 A=INP(0) °GET DATA FM PORT A 
60 OUT 2,A *SEND DATA TO PORT C 
70 GOTO 50 "KEEP IT UP 
The status of light 0 of port C is now under the direct control of the switch. 
When the switch is open, light 0 is on, and when the switch is closed, the light is 
off, as shown: 
C7 co 
es 6 6 & o-0- 


The path of flow is from the switch, through the 8255, then to the computer. 
The computer interprets the data and sends it back to the 8255, which then 
controls the light. You could simply connect the light up to the switch, but the 
advantage to the more complicated method is that the computer can do all 
sorts of things to the data while it has it, all under program control. The com- 
puter can count it, time it, invert it, and so on. The computer offers almost in- 
finite flexibility, again without your changing a wire. 

The only statement that is different from Demonstration 6-1 is OUT 2,A, 
which simply says to output the value of A to port 2. Port 2, of course, is port 
C of the 8255. 


Demonstration 6-3 
Input Two Data Lines at Once, the Inefficient Way 


Most of the time, you will need more than one input data line. Port B is not 
being used, so you will use it to provide the second input line. Using the pin di- 
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agram of the 8255 in Figure 6-1, arrange port B just as you did port A, shown 
in Figure 6-3. Lines B1 through B7 should be grounded, and line BO should be 
connected to a second switch. A diagram is not provided; you have to use your 
brain for this one. 

Now that there are two switches hooked up to two ports, use the following 
program, which indicates their status on the screen: 


10 REM INPUT FROM 2 PORT LINES 

20 CLS *CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 ”8255 A,B, IN, C OUT 


50 A=INP(0) ’GET DATA FM PORT A 
60 B=INP(1) ’GET DATA FM PORT B 
70 PRINT A,B ’PRINT DATA 

80 GOTO 50 *KEEP IT UP 


The screen accurately reflects the state of either of the two switches. The one 
hooked up to port A can be open or closed, and the screen shows it. The same 
is true of port B. They do not interact in any way. 

The program differs only slightly from the previous ones. In lines 50 and 60, 
data is obtained from port A (port location 0) and from port B (location 1). 
Then the data is printed out. 


Demonstration 6-4 
Two Input Lines from Two Ports, Lighting Two Port C Lights 


The purpose of this program is to light two of the lights on port C, rather 
than displaying the results on the screen. This program does the job: 
10 REM INPUT FROM PORTS A,B, OUTPUT TO C 


20 CLS *>CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 8255 A,B IN, C OUT 

50 A=INP(0) ’GET DATA FM PORT A 
60 B=INP(1) ’GET DATA FM PORT B 
70 C=2*B+1*A *COMBINE THE DATA 
80 OUT 2,C *?OUTPUT TO PORT C 
90 GOTO 50 *KEEP IT UP 


By pushing the switch connected to port A, you can turn light CO on and 
off. You can turn light C1 on and off with the port B switch. 

In line 70 of the program, the information has been taken from ports A and 
B, but it has to be combined before it can be sent out to the single port, C. You 
want the data from port A to appear on bit CO, and the data from port B to ap- 
pear on bit C1. You do this by keeping in mind the ‘‘power of 2” connotations 
of bits CO through C7. Bit 0 is associated with 2 to the zero power, or 1, and bit 
1 is associated with 2 to the first power, or 2. Remember that it is necessary to 
assemble an entire 8-bit word before it can be sent out, using powers of 2 from 
0 to 7 (1 to 128). You need only bit 0 and bit 1, and so you need only the last 
two terms of the formula, (2*X1) + (1*X0). Line 70 makes just that combina- 
tion of data; in line 80, it is sent out to port C. 
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Demonstration 6-5 
Two Input Lines from Two Ports, Lighting Port C through Bit-Select Feature 


You can solve the problem posed in the last demonstration by setting and re- 
setting individual bits on port C, as shown in the following program: 
10 REM INPUT FROM 2 PORTS, WITH C BIT SELECT 


20 CLS *CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 8255 A,B, IN, COUT 

50 A=INP(0) ’GET DATA FM PORT A 
60 B=INP(1) ’GET DATA FM PORT B 


70 OUT 3,2+B *SET OR RESET BIT Cl 
80 OUT 3,0+A *SET OR RESET BIT CO 
90 GOTO 50 *KEEP IT UP 


The result is the same as the last one. The difference lies in lines 70 and 80. 
The individual bits of port C can be set or reset at will. This method is often 
much simpler than working with the power of 2 procedure. You simply send to 
port C a value of two times the bit number in order to turn off the bit, and two 
times the bit number plus one to turn on the bit. You want to have bit 1 con- 
trolled by the data coming in from port B. Variable B can take on only the val- 
ue 0 or 1. Two times bit number 1 is 2; thus, 2 plus B is output to the control 
register of the 8255. 

The data taken in through port A is output through bit 0 of port C. Two times 
O is 0. In line 80, you have 0 + A, which is output to the control register. The 0 + 
is not necessary, but it is included to make things more understandable. 

Again, this approach is usually much simpler than working with the powers 
of 2. The port C set/reset feature is invaluable for this sort of application. 


Demonstration 6-6 
Two or More Data Inputs through One Port 


The method used in the last two demonstrations is very inefficient. It uses 
one whole port for each line, requiring that 14 other lines be grounded and to- 
tally unused. It should be possible to employ every line of every port. 

Assume that all data will be input through one port, port A. One switch will 
be hooked up to bit AO of the port, and another to bit A7. Each switch should 
operate independently of the other, and the results should be displayed on the 
screen. To prepare for the experiment, hook up the two switches as shown in 
Figure 6-4. The following program leads to the desired result: 


10 REM TWO INPUTS ON PORT A 


20 CLS *CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 8255 A,B IN, C OUT 

50 C=INP(0) *>GET DATA FM PORT A 


60 IF C AND 128 THEN A=1 ELSE A=0 "HANDLE BIT 7 
70 IF C AND 1 THEN B=1 ELSE B=0 *"HANDLE BIT 1 
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80 PRINT A,B *PRINT DATA 
90 GOTO 50 *KEEP IT UP 


The TRS-80 and 8255 are set up in lines 10 through 40, and the data is read 
in in line 50. The AND statements in lines 60 and 70 are used in a way not often 
used by programmers. 





Figure 6-4. Two switches connected 


When many separate bits of data are taken in through the same port, a 
method of determining the status of each bit is necessary. The table below 
shows that with two input lines hooked up to AO and A1, there are four possi- 
ble combinations of incoming bits: 


Decimal Value Read from Port A 
Bit # 0 1 128 129 

(7 off, (7 off, (7on, (7 on, 

Ooff) Oon) Ooff) Oon) 


7 0 0 1 1 
6 0 0 0 0 
> 0 0 0 0 
4 0 0 0 0 
3 0 0 0 0 
2 0 0 0 0 
1 0 0 0 0 
0 0 1 0 1 


In other words, bit 0 can be high or low, reflecting the status of one switch, 
and bit 7 can also be high or low. 

One way to differentiate between these states is by working on the decimal 
values read in through port C, dividing by powers of 2, subtracting, and so on. 
This approach is sort of a backward application of the method used in Demon- 
stration 5-10, and is a little too complicated. You could use IF statements to 
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test all the possible values of C (0, 1, 128, or 129). With many switches, how- 
ever, this would lead to a tremendous number of IF statements. 

TRS-80 BASIC allows you to solve the problem in a far more economical 
way. By using the AND logical function of the BASIC interpreter, you can test 
each bit of the input value directly. This is shown on page 119 of the Model III 
reference manual (page 1/25 in the older printing). This is what happens in 
lines 60 and 70 of the program. 

To test any bit of the input word, simply AND it with the power of 2 associ- 
ated with the bit. To test bit 7, for example, you AND the input value (variable 
C in the program above) with 128, the power of 2 associated with bit 7. Two to 
the seventh power is 128. If bit 7 of Cis high, the statement C AND 128 returns 
the logical value of 1 or ‘‘true,’’ indicating that the bit is high. If bit 7 of C is 
low, the statement C AND 128 returns the logical value of 0, or ‘‘false,’’ indi- 
cating that the bit is low. The AND logical function requires that both bits be 
high to give a 1. The IF statement uses the true or false result of the AND pro- 
cess just as it would any other logical test. In line 60 of the program, if bit 7 of 
the input is at 1, A is set to 1. If bit 7 is 0, A is set to 0. 

This is very confusing; perhaps this example will help. Suppose that both 
switches of port A are open so that bit A7 and bit Al are high. The decimal value 
input from port A in line 50 is 129. The bit pattern associated with 129 is 1000 
0001. You want to test whether bit 7 or the switch associated with it is high or 
low. In program line 60, the number tested against variable C is 128, with the bit 
pattern 1000 0000. This 128 is often called a ‘‘mask.”’ It indicates the bit you 
want to test. The two bit patterns written next to each other are as follows: 

Bit7 BitO 


129 10000001 
mask(128) 10000000 


In program line 60, if bit 7 from port A is 1, and if bit 7 from the mask is 1, 
then C AND 128 is true, or 1, and variable A is set to 1. 
If the switch hooked to bit 7 of port A is closed so that the voltage there is 0 
(the switch on AO is still open), then the bit patterns look like this: 
Bit 7 Bit 0 
128 00000001 
mask(128) 10000000 


Now the two values for bit 7 are different. The statement, C AND 128 is 
false, or 0, and in line 60, variable A is set to 0. 

The key word here is AND. Bit 7 from port A and bit 7 from the mask must 
both be 1 for the result of the AND process to be true, or 1. The combinations 
of 0,1 or 1,0 or 0,0 all lead to the result of false, or 0. 

In line 70, you want to test bit 0. The power of 2 associated with bit 0 is 1; 2 
to the zero power is 1. ANDing variable C with 1, the proper power of 2, yields 
true or false as a logical value, depending on whether bit 1 is high or low. If the 
value is true, variable B in line 70 is 1; if false, B is 0. 
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Lines 60 and 70 could actually be written in the following manner, which 
may help you to figure it out: 


60 IF C AND 2t7 THEN A=1 ELSE A=0 
70 IF C AND 2t0 THEN B=1 ELSE B=0 


The powers of 2 are used directly. I did not use this system in the last exam- 
ple because calculation of the power of 2 wastes computer time. 

With the AND system, you can test any bit with a minimum of program 
steps. It also allows you to use every input line of every port. There is no need 
to waste a whole port just to get one input line. 


Demonstration 6-7 
Light Port C Bits Using the AND Logical Function 
Your final project in this chapter is to control the port C bits 0 and 1 with the 
same system you used in the last demonstration. The program is as follows: 
10 REM AND CONTROL OF PORT C BITS 


20 CLS *CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 8255 A,B IN, C OUT 

50 C=INP(0) *GET DATA FM PORT A 
60 IF C AND 128 THEN OUT 3,3 ELSE OUT 3,2 *BIT 7 

70 IF C AND 1 THEN OUT 3,1 ELSE OUT 3,0 *BIT 0 

80 GOTO 50 *KEEP IT UP 


You can figure out how this one works. Now you know how to use the both 
the input and output ports of the TRS-80. You have solved the most difficult 
problems of using the TRS-80 as a controller. 


Chapter 7 
Switching Larger Loads 


The CIRCUITS SHOWN IN CHAPTER 5 let you turn LEDs on and off. LEDs 
consume only about 15 milliamperes at 5 volts. That is only 0.075 watts. Most 
devices that are switched require much more power. 

There are a number of considerations that are important in the switching of 
larger devices. 

1) The method used must be dependable. In Chapter 1, I mentioned relia- 
bility as one of the great advantages of computers. Any method you use for 
switching should not reduce this dependability. 

2) The method should be simple, inexpensive, and not subject to obsoles- 
cence. Parts should be easily obtainable. Although there are many very so- 
phisticated and expensive ways of switching things, I will concentrate on 
switching methods that cost from $1 to $5 and use readily available parts. 

3) The switching system should protect the computer from outside events. 
This means that there should be no direct electrical connection between, for 
example, a 600 horsepower motor and the TRS-80. If the 600 horsepower 
motor switcher shorts out to the 440 volt AC power supply, the computer will 
be reduced to cinders. 

In the following discussion you will need a way to turn the lights connected 
to port C on and off. The following program does this continuously. It is sim- 
ilar to the program in Demonstration 5-3. 

10 REM BLINK ALL PORT C LIGHTS 


20 CLS 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 *8255 A,B, IN, C OUT 
50 OUT 2,255 "ALL LIGHTS ON 

60 FOR I=1 TO 50:NEXT I *DELAY 


70 OUT 2,0 *ALL LIGHTS OFF 


62/ TRS-80 AS A CONTROLLER 


80 FOR I=1 TO 50:NEXT I *DELAY 
90 GOTO 50 *KEEP IT UP 


To change the rate of flashing, change the 50 in lines 60 and 80 to some 
other value. To turn all the lights on and leave them on, type the following 
line in direct mode. ‘‘Direct mode”’ refers to typing commands without line 
numbers. Such commands are executed directly. 

OUT 236,16:OUT 3,146:OUT 2,255 
To turn all the lights off, type in direct mode: 
OUT 236,16:OUT 3,146:OUT 2,0 


Switching with a Reed Relay 


A reed relay is probably the simplest device which allows you to increase the 
amount of current that can be switched, isolates the switched circuit from the 
computer, and still is compatible with the circuit arrangement of Figure 4-1. 

Simply take the circuit of Figure 4-1, remove the LED and the resistor and 
insert the coil of the reed relay between the 7406 and the +5 volts, with a sili- 
con diode connected across the coil of the relay. The cathode, or banded end 
of the diode, should connect to the +5 volt supply. The circuit is shown in Fig- 
ure 7-1. 


+5V 
LAMP 


6V 
50mA 








SILICON 
DIODE 


8255 





7406 


Figure 7-1. Reed-relay circuit 


A reed relay, shown in Photo 7-1, consists of a coil of wire with many turns. 
In the middle of the coil is an iron reed, the end of which is near a stationary 
contact. When current flows through the coil, a magnetic field develops. The 
reed moves, closing the circuit between it and the stationary contact. The con- 
tacts are usually sealed in a glass tube, which keeps out dirt and prevents corro- 
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Photo 7-1. Reed relay 


sion. Because the contacts are sealed, reed relays are a good deal more depend- 
able than many other types of relays. 

To select the proper reed relay, you must pick a coil that is suitable for the 
application at hand. Most reed relays are rated by voltage. The one used in 
Figure 7-1 is rated at 5 volts. That voltage rating lets it work directly on the 
voltages that you have on the prototyping board. 

Not just any 5 volt unit can be used in this circuit. The reed relay must be 
matched to the circuit driving the coil. You are driving the relay with a 7406 IC. 
Don Lancaster says in his 77L Cookbook that a 7406 supplies up to 30 milli- 
amperes of current. Be conservative and assume you do not want to draw 
more than 20 milliamperes from the 7406. 

You need Ohm’s law to figure out what type of reed relay you should use. 
Ohm’s law states that E=IR, or in simple English, that the voltage in a circuit 
is equal to the current in the circuit, times the resistance. Five volts, therefore, 
is equal to 0.020 amperes times the resistance needed. The unknown quantity 
is the resistance. The equation is: 5 =(0.020)(R). Five divided by 0.020 is 250 
ohms. If you want to draw precisely 0.020 amperes from 5 volts, the relay coil 
needs a resistance of 250 ohms. You could probably use a 200 ohm coil, which 
would require 25 milliamps, but that might strain the 7406. Strain is equal to 
failure, and you do not want that. Any 5 volt reed relay with a coil rated at 250 
ohms or greater would be suitable. 

The relay that I used in Figure 7-1 is a Radio Shack number 275-228 with a 
250 ohm coil. Such a coil draws 20 milliamperes, which is just right. 
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When 5 volts appear across the coil, magnetism builds up. When the 5 volts 
are removed, the magnetic field collapses, and the coil turns into a generator. 
The coil pumps unwanted voltage into the circuit, sometimes at very high volt- 
ages. If the coil is large enough, increased voltage may destroy the 7406. The 
transistors that do the switching in integrated circuits are tiny and will not 
stand much abuse. 

The silicon diode shorts out any unwanted voltage. The diode is positioned 
in the circuit so that it does not short out the 5 volt power supply. Because the 
electricity from the collapse of the magnetic field is travelling in the other di- 
rection, the diode drains it off. Using a diode is acommon trick with relay coils 
in electronic circuits. It is possible to get by without a diode with a small coil 
like a reed relay. The unwanted electricity generated by large magnet coils can 
be frightening, even lethal. It is good practice to put a diode across them, just 
for insurance. Any 1 ampere, 400 PIV power diode works fine. The usual des- 
ignation for such a device is 1N4004. 

The primary disadvantage to reed relays is that they cannot carry much cur- 
rent. Radio Shack says that the 275-228 will switch half an ampere, but do not 
depend on it. If you try to switch very much current with a reed relay, the con- 
tacts in the relay stick together. The current-carrying capacity of a reed relay is 
not large enough for many purposes. This is especially the case when there is a 
large capacitor hooked across the line to be switched. The capacitor puts a 
heavy surge of current across the contacts, welding them. Since reed relays are 
often tiny devices, they may not offer a great deal of isolation of your comput- 
er from the outside device being controlled. Power line voltages can jump 
across the 1/16 inch wire spacing of the reed relay from the coil to the contacts, 
especially if there is a large magnet in the circuit. The insulation in the relay 
breaks down, and your computer system is finished. 

On the positive side, reed relays are cheap, small, and reliable when operat- 
ed within their limitations. Voltage drop across them is small, and they do iso- 
late the computer from the load. You probably will use them a great deal. 

Hook up the circuit in Figure 7-1. The lamp used is a Radio Shack number 
272-1144, which draws 60 milliamperes at 6 volts, but any lamp of similar rat- 
ing should do. Run the switching program at the beginning of the chapter. 

All the lights hooked up to port C blink merrily, the reed relay goes ‘‘tink- 
tink-tink,’’ and the light hooked up to the relay blinks on and off. The reed re- 
lay is a very fast and cheap way to increase the amount of current that can be 
drawn, and at the same time isolate the computer from the load. 


Opto-Couplers 


A more satisfactory way of interfacing outside devices to a computer is 
through the use of an ‘‘opto-coupler/isolator.’’ An opto-coupler is just an 
electric eye, such as those used for burglar alarms to tell storekeepers that 
someone has entered a shop. An opto-coupler is usually contained in a small, 
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plastic DIP package, generally with six pins. Such a device is shown in Figure 
7-2. Notice on the left side of the drawing the light-emitting diode connected to 
pins 1 and 2. Inside the plastic DIP package, this LED emits light when electri- 
city is applied, just like the LEDs on your prototyping board. 

In the same DIP package is a phototransistor. Many ordinary transistors, if 
opened up, react to light in the same way they react to a current applied to the 
base. A phototransistor conducts from collector to emitter when light strikes 
it. Conduction does not occur in the dark. The phototransistor in the opto- 
coupler is positioned so that the light from the LED strikes it. Light from the 
outside is kept out by the plastic package. When the LED lights up, the photo- 
transistor conducts; when the LED is off, no conduction occurs from pin 5, 
the collector, to pin 4, the emitter. 

The opto-coupler allows you to transmit information from the LED to the 
phototransistor with no electrical connection. One side of the opto-coupler is 
completely separate from the other. Some manufacturers say that 7500 volts 
can be placed between the LED and the phototransistor before arcing will oc- 
cur. I would not take that literally, but it is clear that the opto-coupler should 
do a good job of protecting your microcomputer from the 110 volt power line. 
With the proper use of opto-couplers, you need no electrical connection of any 
kind between an expensive computer and the things you are controlling. 

There are many types of opto-couplers. The most common and perhaps 
simplest type is a 4N28. You can buy them for about $1.50 at electronics 
wholesalers or from magazine advertisements. Radio Shack sells packages of 
eight couplers, some of which are like 4N28s and some of which aren’t. If you 
can test them, you will save a good deal of money. Most opto-couplers are very 
much alike. 

Opto-couplers are easy to use. In the circuit shown in Figure 4-1, simply take 
out the LED associated, say, with bit 7 of port C and hook up the LED part of 
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Figure 7-2. Opto-coupler logic circuit 
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the opto-coupler in its place. You may have to tinker with the value of the cur- 
rent limiting resistor used with the LED. I found I needed a value of 220 ohms 
to make the opto-coupler work properly. The LED should have 15 milliam- 
peres or so passing through it. As the LED is turned on and off by the comput- 
er, the phototransistor on the other, isolated side conducts or does not con- 
duct, just like a switch. 

Connecting the phototransistor is easy. Say that you want to get the usual 
TTL logic levels of 0 and 5 volts out of the opto-coupler. Hook it up as shown in 
Figure 7-2. The LED is connected from the +5 volts to the 7406 with the 220 
ohm resistor. The top of the phototransistor is connected to +5 volts, and the 
bottom goes to ground through a 1000 ohm resistor (the value is not critical). 
Remember that the LED lights up when the logic level to the input of the 7406 is 
+5 volts. When the LED lights up, the phototransistor conducts, and the top of 
the 1k resistor is pulled up to + 5 volts. Use the direct mode statement at the be- 
ginning of the chapter to turn on all the lights, and the logic level at the top of the 
resistor should become high (+5 volts). When the logic level to the 7406 goes 
low, the LED goes out, the phototransistor stops conducting, and the voltage 
across the 1k resistor drops to 0 volts. Use the program at the beginning of the 
chapter to turn off all the lights. The logic level at the top of the resistor should 
go low. Notice that the logic levels are reproduced on the output side of the 
4N28, with no electrical connection whatsoever. 

If you want the output to be inverted, change the position of the resistor. 
Attach one end between +5 volts and the LED, and the other end to ground 
pin 4. The voltage across pin 5 is an inverted version of the voltage at the input 
of the 7406. Thus, you can get either logic level from the 4N28. 

With the opto-coupler, you can connect any logic circuitry you like to the 
proper point on the resistor and have it completely isolated from the computer. 
A separate power supply must be used for the isolated side to achieve this goal. 


Transistors as Switches 


There are thousands of different transistors, but for controller purposes, 
there are only a couple of important variations among them. Most control cir- 
cuitry runs on positive voltages (the negative terminal of the power supply is 
grounded), and so you only have to worry about NPN transistors. Control cir- 
cuits do not ordinarily use radio frequencies, so you can stick with audio fre- 
quency units. Radio frequency transistors can be difficult to work with. Some- 
times they oscillate when you do not want them to. Consequently, if you use 
NPN audio transistors, you need to worry only about whether the transistor is 
a big one or a little one. 

To design some transistor circuits properly, you must solve equation after 
equation, getting the bias just right, optimizing the frequency response, and so 
on. To simply use the transistor as a switch, however, you can design a circuit 
without solving a single equation. 
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Refer to Figure 7-3. An NPN transistor is connected so that its emitter is 
grounded. The collector of the transistor is connected to the +5 volt supply 
through a current meter and a load. You can use the same lamp that you used 
in Figure 7-1 as a load. The base of the transistor is connected to the + 5 volts 
through a 100k variable resistor (potentiometer, or pot), and another current 
meter. The +5 volt supply could be changed to + 12 volts, or +24 volts, or 
whatever you use to control apparatus, assuming that the circuit is electrically 
isolated from the computer. The values you find vary with the voltage. 
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Figure 7-3. NPN transistor measuring circuit 


Hook up the circuit, using a 6 volt lamp as a load. Get an NPN transistor 
rated at from 1 to 3 amperes. On the package ‘‘Ic’’ is the current rating of the 
device. The maximum voltage the device handles should be 40 volts or higher. I 
used a Radio Shack number 276-2017, a TIP-31, rated at 3 amperes. Actually, 
any NPN transistor will work. It may be necessary to hook up the circuit with 
clip leads if you cannot fit the transistor into the prototyping board. Set the 100k 
potentiometer to its maximum resistance. Turn on the power after you check the 
connections. Do not hook anything up to your computer at this point! 

Begin decreasing the value of the 100k resistor. Depending on the type of 
transistor that you have, when the resistor is at 100k ohms, the current to the 
base and the current to the collector should be 0, or at least very small. If you 
have a very hot transistor, you may get a fair amount of current through the 
collector, even at maximum resistance. If that is the case, unhook the base en- 
tirely, yielding no current through the base. In any event, almost no current 
will flow to the collector. The transistor is off. 

As you reduce the resistance in the 100k pot, the collector current begins to 
increase. Figure 7-4 shows the way that the collector current for the TIP-31 
varies with the base current. At 0.1 milliampere (ma) of base current, there are 
about 8 ma of collector current. At 0.3 ma of base current, the collector cur- 
rent increases to about 16 ma, and so on. Notice that the increase in collector 
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current is almost directly proportional to the increase in base current, up to 
about 1 ma of base current. Up to 1 ma, the transistor would make a good au- 
dio amplifier. 

Notice that as you increase the base current above 1 ma, the collector cur- 
rent stabilizes at the lamp current, about 55 ma. This is known as 
“saturation.’’ The collector current remains at 55 ma (the current drawn by 
the lamp) up to about 15 ma of base current. At this point, too much current is 
flowing through the base-emitter junction. You might harm the transistor if 
you go much beyond this current. 

In short, to use this transistor as a switch, you can put 2 to 3 ma into its base, 
and it turns on fully. The voltage lost in the transistor (from the collector to 
ground) is only about a half volt. By changing the input current to the transis- 
tor from 0 to 2 milliamperes, you can switch about 50 or more milliamperes on 
the output. With the proper base current, you can switch a good deal more 
than that. You can determine the proper base current quickly from the circuit 
of Figure 7-3. 

Now try a small transistor, a Radio Shack number 276-2009, marked also as 
2N2222. The transistor is supposed to be rated at 800 maa. If it is placed into the 
circuit in Figure 7-3, the collector current increase is much more rapid than it is 
with the large transistor. The 2N2222 is fully turned on by about 0.3 ma. Two 
ma turns it on fully, at least with a 55 ma load. 

In short, if you want to use an NPN transistor as a switch, you can turn it on 
and off rather easily by placing a current through its base. You can find the op- 
timum base current with the circuit of Figure 7-3 in a very short time, with no 
calculations. 

The big transistor used for an illustration is really medium-sized. Enormous 
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Figure 7-4. NPN transistor current graph 
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transistors are made, but you probably will not switch more than 3 amperes 
very often. All transistors have some leakage of current from collector to emit- 
ter, even when cut off. If you use a transistor that is too big for your load, you 
may find that you cannot turn the load off at all. When using a big transistor, 
you may need a resistor from base to ground to make sure the transistor turns 
off. A large transistor, perhaps even the one in Figure 7-3, needs some sort of 
heat sink to take away the heat generated internally. A sheet of aluminum will 
do nicely. 





Photo 7-2. Large relay 


Connecting the Transistor to the Opto-Coupler 


To hook the transistor switch up to the computer, you combine the opto- 
coupler of Figure 7-2 with the transistor of Figure 7-3, yielding the circuit in 
Figure 7-5. This circuit runs on 12 volts direct current, but you can change it to 
any voltage you want, within the ratings of the transistor, by changing the val- 
ue of the 4.7k resistor. A Radio Shack number 275-218 relay is the load con- 
nected to the collector of the transistor. It has a 12 volt coil (160 ohms) and 10 
ampere contacts. A photograph of this relay is shown in Photo 7-2. In place of 
the relay, you could connect a 12 volt lamp or some other direct current device. 
At 12 volts, the 4.7k resistor and the phototransistor in the opto-coupler put 
about 2 ma through the base of the transistor. At 12 volts, and with the relay 
shown, the collector current builds slowly up to about 76 ma as the base cur- 
rent increases from 0 to about 1.3 ma. From that point on, the collector cur- 
rent remains at 76 ma, which is what the relay draws. Two ma of base current is 
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a good value. Turning the current through the LED of the opto-coupler on 
and off turns the relay on and off beautifully. 

Hook up the circuit of Figure 7-5. Connect some kind of lamp up to the re- 
lay contacts. You can use a 12 volt lamp and hook one terminal of the relay to 
+12 volts and connect the lamp from the other relay terminal to ground. If 
you are really brave, you can hook a 110 volt AC table lamp up to the relay 
contacts. 110 volts go to one relay contact, the other relay contact goes to one 
side of the lamp, and the remaining side of the lamp connects to the other side 
of the 110 volt line. If you use the circuit to switch 110 volts, be very careful. 
Make certain that you cannot get the 110 volts into your computer, and do not 
touch anything on the prototyping board while power is applied. I put the cir- 
cuit of Figure 7-5 far away from the prototyping board and the computer— 
about 5 feet away. I built the circuit on a separate, small prototyping board 
that I had in my shop. The computer is quite safe; it is isolated from the 110 
volts by the opto-coupler and the relay. It would, however, be easy to acciden- 
tally drop a 110 volt wire onto the main prototyping board while wiring every- 
thing up. The circuit of Figure 7-5 can be separated from the prototyping 
board easily, for only the two wires going to the opto-isolator need to be 
hooked up between the prototyping board and the transistor circuit. If you do 
not want to bother with the 12 volt supply, use the reed relay of Figure 7-1 and 
a 5 volt supply, adjusting the value of the base current resistor appropriately 
with the design procedures covered above. Do not use the reed relay with 110 
volts! 

Blink the lights and pulse the relay by using the program at the beginning of 
the chapter. You are controlling a rather large load with a transistor. If you use 
the relay mentioned, you can control 10 amperes, over 1000 watts at 110 volts. 
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Figure 7-5. Isolated transistor switch 
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Figure 7-6. TRIAC circuit 


Using Triacs to Switch AC Loads 


A single transistor switch, as shown in the last example, is of little use in 
switching alternating current. A transistor conducts in only one direction, so 
that half the power in the circuit would be lost. A relay can be used to switch 
AC, as shown in the last example. Relays, however, are mechanical devices 
and are inherently troublesome. Relays are also expensive, and becoming 
more so. 

There is a trouble-free semiconductor device that works just like a relay. It is 
called a triac (pronounced TRY-ack). Fancy triacs are sometimes called solid 
state relays. Triacs are used in wall-mounted lamp dimmers and in some motor 
speed controls. For a thorough explanation of triacs, see Saul Heller’s Under- 
standing Silicon Controlled Rectifiers. For most resistive AC loads (such as 
lamps), the circuit shown in Figure 7-6 should handle your AC switching 
needs. The circuit is similar to the last one. There is an opto-coupler and the 
triac, the symbol for which looks something like that of the transistor. Only 
two parts are needed to switch the AC—the triac and a 180 ohm resistor. No 
expensive relay is needed. The triac, Radio Shack number 276-1000, costs 
about the same as the transistor in the last example. 

The triac requires a special opto-coupler, the MOC3010. It has an LED init, 
just like the 4N28 device. The pin connections for the diode are the same. The 
output device, however, is not a phototransistor, but rather, a photo-diac. 
Diacs are rather specialized devices that are used to trigger triacs, and like the 
triacs, they are rather complex in their workings. Again, full understanding of 
the principles of operation is not essential. The MOC3010 turns the triac on 
when the LED is lit, and turns off the triac when the LED inside goes off. Note 
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that you use pins 6 and 4 on the output, not pins 4 and 5 as with the transistor 
switch. 

Hook up the circuit of Figure 7-6. Again, I used a separate prototyping 
board to hold the MOC3010, placing the board at a safe distance from the 
computer and the main prototying board. You may want to put a heat sink on 
the triac. A photograph of my setup is shown in Photo 7-3. Remember that 
you’re working with 110 volts AC here, and it can be dangerous both to your 
health and your computer’s. Be very careful to prevent the 110 volts from 
touching the 5 volt wiring in any way. Fortunately, the MOC3010 protects the 
computer from all but the grossest errors. Like the 4N28, it is supposed to pro- 
vide 7500 volts of isolation. Connect everything before hooking anything up to 
the computer. See if the 75 watt lamp lights if you simply put 15 ma of current 
through pins 1 and 2 of the opto-coupler, with no computer connected. If that 
does not work, you can try hooking the 180 ohm resistor from pin 2 to pin 3 of 
the triac. The lamp should light. If it does not, either you have the pins con- 
nected improperly, or you have a bad triac. The triac will carry a fair amount 
of current, 2 to 3 amperes, with ease, although you may need a heat sink at 
that power. You can operate fairly large loads with this device, probably larger 
ones than you will ever need. Larger triacs are available for controlling larger 
loads. The circuit in Figure 7-6, however, should do most jobs. In normal op- 





Photo 7-3. TRIAC hookup 
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eration, the light should turn on when port C, bit 0 of the 8255 is high, and it 
should be off when that bit is low. 

Triacs have some disadvantages. There is a small voltage drop of about half 
a volt across them. That usually is no problem. The circuit shown in Figure 7-5 
is for resistive loads only, such as light bulbs and heaters. If you want to switch 
motors, relays, and other things with lots of inductance in them, you have to 
change the circuit a bit. The changes needed for inductive loads are shown on 
the package in which Radio Shack sells the triac. A more troublesome problem 
lies in the fact that a triac, connected as shown, generates a good deal of radio 
frequency noise. When the triac is on, AM radios near the triac make a loud, 
buzzing sound. It is conceivable that this ‘‘hash,’’ as it is called, could interfere 
with the operation of your computer, although I have not found it to be a 
bother. Books on semiconductor devices show filters which eliminate most of 
the radio frequency noise. 


Chapter 8 
Counting Events 


One OF THE USES that you will put your TRS-80 to frequently is that of 
counting. You might want to know how many people pass by your office in 
an hour, how many cars drive up to a traffic light before it changes, or how 
many times a rat in a box presses a lever in a five-minute period. In all these 
cases, an electrical switch is closed a number of times. 

Counting can be a bit tricky. There are simple ways to count, to be covered 
in this chapter, and more complicated ways, which I will cover later. 


Demonstration 8-1 
Simple Counting in BASIC 


For this demonstration, connect the single switch hookup of Demonstra- 
tion 6-1, shown in Figure 6-3. It is reproduced here as Figure 8-1. Port A is 
used for input. Be sure you use the 1k pull-up resistor and be sure that you 
ground pins Al through A7. The switch should be connected so that AO is 
normally +5 volts when the switch is open. Finally, be certain that the 7432 is 
connected to the 8255, as shown in Figure 6-1. Enter the following program: 

10 REM SIMPLE BASIC COUNTING PROGRAM 


20 CLS *CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 

40 OUT 3,146 8255 A,B IN, C OUT 

50 A=5 *SET UP OLD VALUE 

60 FOR I=1 TO 500 *SET UP LOOP 

70 B=INP(O) ’GET DATA FM PORT A 
80 IF A=B THEN 110 *NO CHANGE, NO COUNT 
90 IF B=0 THEN S=S+1 *COUNT IF GROUNDED 
100 A=B *SAVE OLD VALUE 

110 NEXT I ’"END LOOP 


120 PRINT ‘‘COUNT IS’’,S *PRINT RESULT 
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Be sure that the prototyping board is connected correctly, and that the 
power supply is hooked up. When you run the program, the screen goes 
blank for about five seconds. The TRS-80 counts every push of the switch 
during this period and prints the count on the screen when the five seconds is 
up. So you see, counting programs need not be complicated. 

Lines 10 through 40 are the same as those you have seen many times. Line 
50, however, brings in some new concepts. 

In Figure 8-1, a count should be made whenever the switch is pressed. That 
means that a count should be tallied whenever the voltage on AO goes from +5 
volts to 0 volts. The TRS-80 does not know about the voltage. It only knows 
that data input from port A of the 8255 changes from a value of 1 to a value of 
0; thus, a count should be made whenever the data input goes from 1 to 0. No 
count should be made when the data input goes from 0 to 1, for that would 
lead to a double count. 





Figure 8-1. Single switch without debouncer 


To recognize a change in value, the computer must retain an earlier value of 
the data input. It then compares the new value with the old value, and if they 
are different, the assumption is made that a change has occurred. Variable A 
contains the old value. It is set to a value of 5 in line 50 so that you know pre- 
cisely what it is before the program starts. Although you could probably leave 
line 50 out, it is better to know the exact value with which the program begins. 

The loop in lines 60 through 110 is a timing loop. The program goes through 
this loop 500 times, looking for changes. The loop establishes the duration of 
the counting period, here about five seconds. You can change the length of the 
counting period by changing the value 500 in line 60. 

The counting itself goes on in lines 70 through 100. In line 70, the data is in- 
put from port A of the 8255 and placed in variable B. Line 80 tests for a change 
in the status of the switch. It tests whether the present number obtained from 
the switch (variable B) is the same as the last number (variable A). If the old 
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and new numbers obtained from port A are the same, the switch has not 
changed. If nothing has happened to the switch, then no count should be 
made. In line 80, if A equals B, the program jumps to the end of the timing 
loop, and no count is made. 

In line 90, the count itself is made. Recall that the crucial event is that vari- 
able B, the value of port A, bit 0, changes from 1 to 0. If you get to line 90, you 
know from what happened in line 80 that a change has occurred in the period 
since the last time port A was sampled. If there is no change, line 90 is skipped. 
You want a tally only if the switch has closed, or become 0. In line 90, if the 
value obtained from the switch is 0, a count is made; that is, variable S is in- 
creased by 1. 

Assume that the value of B in line 90 is 1. You know from line 80 that there 
has been a change. If B is 1 in line 90, the switch has opened. You do not want 
to count switch openings, only closings; thus no sum is made if the switch is 
opened in line 90. A count is made only if it is closed. 

In line 100, the old value is updated. You know from line 80 that a change 
has occurred, and so you want to make the current new value become the old 
value for the next try. Consequently, variable B, the new value, is copied into 
variable A, which contains the old value. The program will not work without 
this essential bit of housekeeping. Finally, line 120 displays the count. 

Although there are many variations on it, this is the basic counting scheme 
used in most programs. You may be able to understand it better if you tinker 
with the program. 

Delete line 80 of the program. No count is made if the switch is not pushed. 
If the switch is pushed, the program makes a count every time it goes through 
the loop. The count is very large indeed. With this program modification, the 
program times the length of the switch press, in a crude way. 

Put line 80 back in and change line 90 to: S=S+1. This removes the test for 
switch closure. If you run the program, you get a count of twice what it should 
be. The machine is counting both switch openings and closings. 

Now, make the system work with the opposite voltage levels; that is, with 
the voltage level at 5 volts when the switch is closed, and at 0 volts when it is 
open. This is easy to arrange in the circuit of Figure 8-1 by using the other ter- 
minal of the switch. The necessary change is an easy one. All you have to do is 
change line 90 to: IF B=1 THEN S=S+1. The machine counts when the 
transition is from 0 to 1. 


Demonstration 8-2 
Problems with Switches 


The program in the last section looks for changes in the switch about 100 
times per second (500 loops in five seconds). You could speed it up somewhat 
by declaring all variables as integers, but the change is not great. If more rapid 
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scanning methods are used, interesting problems arise, of which you should be 
aware. 

The next program uses machine language to do the counting. Apart from 
the differences between BASIC and machine language, the methods used are 
identical. The increase in speed, however, is spectacular. The machine-lan- 
guage program scans bit 0 of port A about 50,000 times per second. 

10 REM MACHINE LANGUAGE COUNTING PROGRAM 


20 CLS *CLEAR SCREEN 
30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 ”8255 A,B, IN, C OUT 


50 REM NEXT LINE READS MACHINE LANGUAGE PROGRAM 
60 FOR I=32001 TO 32033:READ A:POKE I,A:NEXT I 

70 REM NEXT LINE RUNS MACHINE LANGUAGE PROGRAM 
80 POKE 16526,1:POKE 16527,125:A = USR(0) 

90 PRINT‘‘COUNT IS’’,A *PRINT COUNT 

100 REM NEXT LINES ARE MACHINE LANGUAGE PROGRAM 
110 DATA 30,5,33,0,0,22,4,14,255,6,255 

120 DATA 219,0,187,40,6,254,0,32, 1,35 

130 DATA 95,16,243,13,32,238,21,32,233 

140 DATA 195,154,10 

The circuit setup is the same as that of the last example. One switch is 
hooked up to port A, bit 0. Running the program, however, is a bit more diffi- 
cult. When the computer is turned on, it asks: MEMORY SIZE? Answer with 
32000 to save room for the machine-language program, which starts at loca- 
tion 32001. If you set memory size to some other value, strange things will hap- 
pen when you try to run the program. Be sure to save the program before you 
run it. It is easy to type the machine-language program incorrectly. If you do 
make an error, the machine-language section may capture control over the 
computer when the program is run. This will not damage the computer; you 
can always regain control by pressing RESET. You definitely will lose your 
program, however, so keep a copy handy. 

Make sure the 8255 and the associated components are connected, and run 
the program. The screen goes blank, just as it did in the last example, and stays 
blank for about five seconds. Press the switch just once during the blank peri- 
od. The screen should say 1, but you will probably get a higher number. My 
switch yields 9 one time and 5 the next. Run the program again and press the 
switch several times during the interval in which the screen is blanked out. 
Again, a much higher number results each time. 

This is a common problem with switches, known as ‘‘contact bounce.’’ 
Switches do not close and open perfectly. They make contact for an instant, 
open up again, and close once more. This may happen several times before a 
good contact is made. Figure 8-2 is a drawing of the switching action of my 
two switches, as observed on a storage oscilloscope. The top switch is particu- 
larly bad. It actually makes and breaks contact completely a couple of times 
before settling down. The lower switch is better, but notice the ragged line on 
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Figure 8-2. Switch closures 


the bottom. If I had used a better oscilloscope, the line might be broken up just 
like the top one. This is not a peculiarity of the switches used here. Almost all 
switches have this problem. 

Contact bounce is not a problem with older electromechanical circuits be- 
cause older circuitry cannot react very rapidly. The bounces are unnoticed. 
The TRS-80 machine-language program, however, is scanning tens of thou- 
sands of times per second. It notices every bounce. What you need is a 
‘‘bounceless push button,’’ shown in Figure 8-3. It uses two parts of a 7400 or 





Figure 8-3. Bounceless push-button circuit 
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74LS00 quad NAND gate (see Appendix II for the pin connections for the 
7400). An explanation of the way in which the debouncer works is found at the 
end of this chapter. Consideration of debouncing circuits in general may be 
found in Don Lancaster’s TTL Cookbook. 

If pin 13 of the IC is grounded, the output at pin 3 becomes 0 volts. To 
change pin 3 back to 5 volts, the opposite contact must be made. Both contacts 
cannot be touched at once, and hence there is no bounce. A single pole, double 
throw switch is required for the circuit. 

The circuit of Figure 8-3 yields + 5 volts at pin 3 when the switch is open and 
0 volts when the switch is closed. If you want it the other way, take the output 
from pin 11 instead of pin 3. No pull-up resistor is needed on the output, al- 
though two are needed at the switch. 

Hook up the circuit of Figure 8-3 on the prototyping board and run the pro- 
gram. The contact bounce problem should disappear. An accurate count 
should occur, even at the higher speed of the machine-language program. 

You should always use some form of bounceless push button for computer 
counting procedures. You may think that it was not necessary in Demonstra- 
tion 8-1, but it was. Occasionally you will get switches with bounce problems 
that are so severe that bounces are picked up even by a slow BASIC program. 
You may have noticed that you get irregular results with the BASIC program 
in the first part of the chapter. 

There are other sorts of bounce problems. In addition to the contact 
bounce, often times the mechanism connected to the switch has enough mass 
that a mechanical resonance occurs, making the mechanism and switch lever 
vibrate by itself. If you strike the lever forcibly, it may flap up and down three 
or four times, operating the switch again and again. Better mechanical design 
seems to be the remedy for this problem. A device such as a 74121 one-shot can 
be used to lengthen the pulse coming from the switch. The trouble with a one- 
shot is that it reduces the responsiveness of the switch; it cannot be operated as 
quickly as it could before. 

If you are curious about how the machine-language counting program 
works, it is provided in Program Listing 8-1. In the BASIC program that calls 
the machine-language program, the first three lines are the same ones used in 
the past. Line 60 takes the machine-language program from the data state- 
ments and puts the bytes into memory beginning at memory location 32001. 
Line 80 puts the address 32001 into memory locations 16526 and 16527. When 
A=USR(0) is encountered, the machine-language program is executed. 


Demonstration 8-3 
Counting from Two Switches Using One Port (in BASIC) 


Here the problem is similar to that in Demonstration 8-1. You want to count 
using BASIC, but you want to count two switches at once. This demonstration 
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is a derivative of Demonstration 6-6. To prepare for this experiment, you can 

use the simple switch hookup of Photo 6-1. That figure does not incorporate 

bounceless push buttons, as it should. Use the circuit in Figure 8-4 to incorpo- 

rate the proper debouncing. A program which will do the counting follows: 
10 REM PROGRAM TO COUNT TWO INPUTS AT ONCE 


20 CLS *CLEAR SCREEN 

30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,146 8255 A,B IN, C OUT 

50 A0O=5:A7=5 *SET UP OLD VALUES 
60 FOR I=1 TO 200 *SET UP LOOP 

70 C=INP(0) *>GET DATA FM PORTA 
80 IF CAND 128 THEN B7=1 ELSE B7=0 *TEST BIT 7 

90 IF CAND 1 THEN BO=1 ELSE BO=0 *TEST BIT 0 

100 IF AO=B0 THEN 130 *BIT 0 CHANGED? 

110 IF BO=0 THEN SO=S0+1 *COUNT IF GROUNDED 
120 AO=B0 *SAVE OLD BIT 0 

130 IF A7=B7 THEN 160 *BIT 7 CHANGED? 

140 IF B7=0 THEN S7=S7+1 *>COUNT IF GROUNDED 
150 A7=B7 *SAVE OLD BIT 7 

160 NEXT I ’7END LOOP 

170 PRINT SO,S7 ’PRINT COUNTS 


The screen goes blank for about five seconds, and the computer counts 
presses on both switches. The program is similar to that of Demonstration 8-1. 
In line 50, you specify an old value for both bit 0 and bit 7 so that you can be 
sure what they are before counting begins. Remember that the crucial thing is 
the change in a value. Line 50 prepares for such a change. 

Line 70 gets the value from port A of the 8255. You have to separate bits 0 
and 7, so the value is put into the temporary storage location of variable C. 





Figure 8-4. Two bounceless push buttons 
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Line 80 separates out the value for bit 7 by ANDing variable C with 128. Vari- 
able B7 is set to 1 if the switch is open and is set to 0 if the switch is closed. Line 
90 works in precisely the same way for bit 0. Reread the explanation in Demon- 
stration 6-6 if this is unclear to you. 

Lines 100 through 120 make the count for bit AO; they are comparable to 
lines 80 through 100 in Demonstration 8-1. In line 100, a test made to see if the 
bit has changed. If it has not, no count is made. Line 110 sees whether the 
switch associated with AO is closed. If it is, a count is made. In any event, in 
line 120, the old value is saved. SO is the variable in which the count for bit 0 is 
made, and S7 is the variable for counting bit 7. See Demonstration 8-1 for a 
full explanation. 

Lines 130 through 150 make the count for bit A7. The procedures are pre- 
cisely the same. Finally, line 160 ends the timing loop, and line 170 displays the 
counts. 

The program is getting complicated, but it is still quite understandable. One 
problem, however, is that the rate of counting is slowing down. In Demonstra- 
tion 8-1, BASIC was scanning bit AO 100 times per second. In the program for 
Demonstration 8-3, notice that the value in the FOR-NEXT loop is 200, not 
500. Only 40 scans are being made per second (200/5). That is fast, but a 
switch press 1/60 second long might be missed. Counting is becoming slower 
because of all the computations that are going on. If many lines were scanned, 
you might have to go to a machine-language program to do the scanning rap- 
idly enough. In slow counting applications, BASIC works out very well. 


Demonstration 8-4 
A Crude Frequency Counter 

The machine-language counting program is speedy enough to be used to 
measure low audio frequencies. For this demonstration, you need an audio os- 
cillator with about 5 volts of audio output. Most common audio oscillators 
have a sine wave output; that is, an output that varies continuously between a 
maximum value and a minimum value. The 8255, however, wants an input 
that is +5 volts or 0 volts, with nothing in between. A sine wave does not meet 
these specifications. The two types of waves are shown in Figure 8-5. 

The circuit used to connect the audio oscillator up to the 8255 is shown in 
Figure 8-6. Notice that two sections of a 7404 (or 74LS04) are used to connect 
the audio oscillator to the 8255. These two sections of the 7404 form what is 
called a ‘‘Schmidt trigger.’’ A Schmidt trigger is useful for conditioning, or 
cleaning up signals that do not meet digital (+ 5 or 0 volt) standards. Its opera- 
tion is nicely explained in the T7L Cookbook. The Schmidt trigger takes the 
sine wave from the audio oscillator and turns it into a clean digital signal. It 
also protects the 8255 in case you get too much voltage out of the audio oscilla- 
tor. A photograph of the arrangement is shown in Photo 8-1. 
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SINE WAVE 


SQUARE WAVE 


Figure 8-5. Sine wave and square wave 





Photo 8-1. Audio oscillator 


Wire up the circuit of Figure 8-6 on your prototyping board. Set the audio 
oscillator at 50 hertz. Set the output of the audio oscillator at about 5 volts. I 
recommend starting at an output voltage lower than 5 volts and gradually in- 
creasing the voltage. 
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AUDIO 


OSCILLATOR 





Figure 8-6. Audio oscillator circuit 


Run the program from Demonstration 8-2. If all works well, the computer 
counts the number of cycles of the audio input signal. With the oscillator set at 
precisely 50 hertz, my computer yields a count of 257. 

You may be confused because you see a result of 257, not 50,cycles per sec- 
ond. Remember that the counting program goes for about five seconds. 257 di- 
vided by 5 is 51.4. The computer is counting for five seconds, not one second. 
Further, the counting period is not five seconds, but 5.14 seconds. To get ex- 
actly five seconds of counting time, it would be necessary to tinker with the 
constants in the machine-language timing program. Still, the computer makes 
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Figure 8-7. Simplified debounced switch 
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a surprisingly good counter, within its limitations. I got the following values 
for various frequencies: 
Actual Frequency Count 


5 hz 26 

50 hz 257 
500 hz 2591 
5000 hz 28310 


Notice that the circuit counts rather well up to 500 hertz. Even at 5000 hertz, 
it gives a usable indication, although error is beginning to increase. It will not 
go much beyond 5000. My simple machine-language counting program does 
not handle numbers above 32,768 without complications. 

It is perfectly possible to count frequencies with the TRS-80 and the price is 
certainly right—about 50 cents for the 7404 and the resistors. I found that I 
could count these frequencies quite well without the Schmidt trigger circuit, 
just by hooking the audio oscillator directly to the 8255. If you attempt this, 
some protection should be afforded the 8255. Inclusion of the Schmidt trigger 
as a signal conditioner is always a good idea in situations like this. If you have 
an audio oscillator with square wave output, you could omit the conditioning 
circuit, although it would still be a good idea to include it to protect the 8255. 


How the Debounced Switch Works 


The bounceless push button is redrawn in Figure 8-7; the resistors and the 
switch are left out, to make the drawing more understandable. 

Figure 8-7 also shows the truth table for a NAND gate, the 7400. The truth 
table says that the output of one gate of the 7400 is low only if both inputs are 
high. Any other combination of inputs makes pin 3 low. 

With this in mind, look at the top drawing of Figure 8-7. The output at pin 3 
is high. This means that the two inputs to that section of the 7400 both cannot 
be high (see truth table). The other gate, the one connected to pins 11, 12, and 
13, has a low output, because both its input pins are high. The circuit is stable 
in this configuration. 

If the wire connected to pin 2 of the upper gate is grounded, as the switch 
grounds it, nothing happens. Both inputs to the top gate are low, and the out- 
put, according to the truth table, remains high. 

If the wire connected to pin 13 of the lower gate is grounded (the switch does 
that), the two inputs to that gate (pins 12 and 13) are high and low. From the 
truth table, you can see that high and low inputs make the output of the gate 
on pin 11 high. Pin 11 is also connected to pin 1 of the upper gate. Pin 1 goes 
high. Two high inputs make the upper gate go low. The output of the whole 
circuit is now low. The circuit is arranged as shown in the lower diagram. 

The switch that started the whole process may remain low. If pin 13 is kept 
low (that is what happens for a while in the real circuit), two low inputs from 
the truth table still lead to a high output. 
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If pin 2 is grounded, the inputs to the top gate are no longer both high. The 
output of the top gate (and the output of the whole circuit) goes high. The bot- 
tom gate has two high inputs, so, according to the truth table, its output goes 
low. The transition is made. 

To understand it fully, make drawings of the circuit with a pencil and 
change the H and L designations so that you can see what is going on. The 
bounceless push button is a crude form of what is called a ‘‘flip-flop.’’ It is the 
basic circuit used in computers. 


7D01 00100 ORG 7D01H 

7D01 1E05 00110 COUNT LD E,5 ;SET UP OLD VALUE 
7D03 210000 00120 LD HL, 0000H ;ZERO COUNTER 

7D06 1604 00130 LD D,4 ;SET UP OUTER LOOP 
7D08 OEFF 00140 OUTLP LD C,255 ;SET UP MIDDLE LOOP 
7DOA O6FF 00150 MIDLP LD B,255 ;SET UP INNER LOOP 
7DOC DBOO 00160 INLOOP IN A,(0) ;GET DATA FROM PORT A 
7DOE BB 00170 CPE ;SAME AS OLD VALUE? 
TDOF 2806 00180 JR Z,SAME ;SKIP IF SAME 

7D11 FE0O 00190 CP 0 ;NEW DATA ZERO? 
7D13 2001 00200 JR NZ,NOCNT ;SKIP COUNT IF NOT 
7D15 23 00210 INC HL ;COUNT 

7D16 SF 00220 NOCNT LDE,A ;SAVE OLD VALUE 
7D17_ 10F3 00230 SAME DJNZ INLOOP ;END INNER LOOP 
7D19 OD 00240 DEC C ;END MIDDLE LOOP 
TDIA 20EE 00250 JR NZ, MIDLP 

7TDIC 15 00260 DEC D ;END OUTER LOOP 
7D1D 20E9 00270 JR NZ,OUTLP 

TDIF C39A0A 00280 JP OA9AH ;RETURN TO BASIC 
7D01 00290 END COUNT 


00000 Total Errors 


Program Listing 8-1. Machine-language counting program 


Chapter 9 
Address Decoding 


In THE FIRST EIGHT CHAPTERS, I have concentrated on connecting a single 
device, the 8255, to the TRS-80. A lot can be done with a single 8255, but ob- 
viously there are times when you need more than one device. The simple ad- 
dress decoding scheme in Chapter 3 is no longer sufficient. That system han- 
dies only one device, and not very uniquely at that. Let’s review the way in 
which the 8255 was selected. 

Refer to the circuit of Figure 3-1, which allows only output, or the circuit 
of Figure 6-1, which permits both input and output. You very likely will want 
to transmit data both ways, so you will use Figure 6-1, reproduced here as 
Figure 9-1. Notice that the address decoding consisted simply of hooking ad- 
dress line A7 to the CS* (chip-select) line of the 8255. 

The Model III reserves port addresses 128 through 255 for system use. Port 
addresses 0 through 127 are available for your use. Look at the bit patterns 
for certain port addresses: 


A7 AO Decimal 
1111) 0s 1111 255 
1111 1110 254 
1000 0001 129 
1000 0000 128 
Olll 1111 127 
Olll = 1110 126 
0000 0011 3 
0000 0010 2 
0000 0001 1 
0000 0000 0 


Notice that in all the addresses reserved for the Model III, address bit 7 is 
high. For all those available for use, bit 7 is low. The 8255 goes into action 
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when CS*, the chip-select pin, is low. Consequently, in Figure 9-1, address bit 7 
is connected to CS*. The 8255, then, is selected whenever an OUT or INP to 
any port address of 127 or lower occurs. The 8255 itself handles the decoding of 
ports A, B, C, and the control register, through the use of the Al and AO pins. 

As shown in Chapter 3, this system leads to a problem. Each of the 8255 
ports has 32 possible addresses. Data can be sent to port A by means of an 
OUT to address 0, 4, 8, 16 on up to 124—any multiple of 4. Port B can be ad- 
dressed as 1, 5, 9, 17, up to 125. Many potentially useful addresses are wast- 
ed. These extra addresses are available for use by other devices, but you need 
some additional circuitry to make them work. This chapter covers how to im- 
plement this circuitry. There are many ways to solve the problem. I will ex- 
plain only a few. 


TO COMPUTER 





Figure 9-1. Redone Figure 3-1 (input 8255 circuits) 


Decoding with a Large NAND Gate 


This method is given frequently in computer interfacing books. It works 
well, but it offers little flexibility. It works by decoding every address line, giv- 
ing a completely unique address for the device. A circuit that puts the 8255 at 
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port addresses 0, 1, 2, and 3, with no ambiguity, is shown in Figure 9-2. The 
scheme uses a 74LS30, or 7430, NAND gate to do the job. The 7430 is the 
same sort of device as the 7400. Its pin connections are shown in Appendix II. 
A truth table is not needed to explain its operation. If all eight inputs to the 
7430 are high, its output is low. If any combination of one or more of the in- 
puts is low, the output of the 7430 is high. The 8255 is selected when CS* is 
low. If you hook a 7430 up to the 8255 and make all the inputs to the 7430 
high, the 8255 is selected, because the 7430 output is low. 

Not all of the inputs to the 7430 will be high in most situations. To accommo- 
date for some of the port address lines being low and some high for any given 
address, you use a 7404 inverter to flip those that are not in the right direction. 


TO 
COMPUTER 
A4 





Figure 9-2. 7430 decoding at address 0, 1, 2, 3 


In Figure 9-2, the 7430 is set up so that the 8255 is selected whenever port ad- 
dress 0, 1, 2, or 3 is sent out. As you can see from the bit table above, the bit 
pattern for all of these is 0000 OOXX. (X means ‘‘don’t care.’’ These will be de- 
coded by the 8255.) The 7430 must detect the situation in which the top six bits 
(A2 through A7) of the port address are 0. 

First of all, only six bits are going to be decoded by the 7430. The 7430 has 
eight inputs. The other two bits must be connected to +5 volts (high). If they 
are not, the output of the 7430 does not go low under any circumstances. 

The bit pattern that the computer presents to the 7430 is 000000, six zeros, 
but the 7430 wants eight high inputs to yield a low output. You must put an in- 
verter in front of each active input to the 7430. 

Hook up the circuit of Figure 9-2. Connect some lamps to port C of the 
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8255, as in Figure 4-1, and run the following program: 


10 REM PORT NUMBER TESTER 
20 INPUT ‘‘PORT A ADDRESS”’;A *GET TEST ADDRESS 


30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT A+3,146 *8255 A,B IN, C OUT 

50 FOR J=1TO5 *LOOP TO MAKE BLINK 
60 OUT A+2,255 *ALL LIGHTS ON 

70 FOR I=1 TO 50:NEXT I *DELAY 

80 OUT A+2,0 ’ALL LIGHTS OFF 

90 FOR I=1 TO 50:NEXT I *DELAY 

100 NEXT J ’END BLINK LOOP 

110 GOTO 20 *KEEP IT UP 


This program lets you test the operation of the address decoding circuitry. 
When you run it, it asks you for the address that you would like for port A. 
Answer with 0. That puts 8255 port A at location 0, port C at location 2, and 
the control register at location 3. In lines 50 to 100, all the lights hooked up to 
port C are made to blink. If the 8255 is connected properly, you get some nice 
blinking lights. 

When the blinking stops, you are asked for another address. Answer with 4, 
and nothing should happen. The lights do not blink, because the 7430 and 
7404 do not get 000000 on address lines A7 through A2, but rather 000001. Try 
8, 12, and other multiples of 4, up to 124. The lights should not blink if you 
have hooked everything up properly. 

If the circuit does not work as it should, check the connections very carefully. 
There are many connections, and it is easy to hook one up incorrectly. This com- 
plexity of circuitry is one of the deficiencies of this means of decoding addresses. 


7404 


TO 
COMPUTER 





Figure 9-3. 7430 decoding at address 124, 125, 126, 127 
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If you want to put the 8255 at locations 124, 125, 126, and 127, the bit pat- 
tern associated with 124 decimal is 0111 1100. This means that the bit pattern 
that should be presented to the 7430 or 74LS30 is 011111. All bits are high, ex- 
cept the first bit. The connections needed for this address are shown in Figure 
9-3. To change the connections for Figure 9-2 to those for Figure 9-3, remove 
the inverters on port address lines A6 through A2. That is easily done on the 
prototyping board by moving the wires from the outputs of the inverters to 
their inputs. You do not have to rewire the whole thing. 

Now run the program above. Entering a port A address of 124 should make 
the lights blink when you run the program. Any other multiple of 4 should 
have no effect on the lights. Try 120, 116, 0, 4, and so on. The lights should not 
blink. 

What happens if you use no inverters at all on the six inputs to the 7430? The 
six bits applied to that IC are 111111. The bit pattern for port A is 1111 1100, 
which is FC hex, or 252 decimal. As you recall, you really should not use that 
address, because the TRS-80 uses it for various system purposes. You can use it 
for a demonstration, and the lights will blink. In complex controller situa- 
tions, however, the 8255 might become confused during the routine operation 
of the computer. Consequently, this is not a good choice for a port address. 

This method of decoding the port addresses could be used for each device 
that you want to hook up to the TRS-80, but it has disadvantages. It is rather 
complicated. Each address line must be decoded. Here we had to decode only 
six lines, but not all devices decode address lines AO and Al for you, as the 
8255 does. With such devices, you would have to take care of decoding all 
eight lines. If you want to hook up eight such external devices, you need eight 
or more 7430s and their associated inverters. Hooking up all that circuitry to 
the TRS-80 input/output port might overtax its capacity. There is a definite 
limit to the number of things it can drive. 


Decoding Eight Addresses at Once 


In the following example, one integrated circuit is used to decode eight loca- 
tions. The circuit is shown in Figure 9-4. Notice how simple this circuit is. One 
74LS155 or 74155 is used; no other parts are needed. Although the 74155 is a 
complex and versatile device, you need to be concerned with only one of its 
functions—the ‘‘1 to 8 Line Demultiplexer,’’ which uses the circuit shown in 
Figure 9-4. 

If this IC is connected as shown, eight devices can be selected with the one 
chip. Hook up the circuit. Connect CS* of the 8255 to pin 9 of the 74155. The 
lights should remain connected to port C. Run the program found earlier in 
the chapter. When the program asks for a value of A, type in 0, and the lights 
blink. If you try the addresses 16, 32, 48, up to 112 (multiples of 16), you dis- 
cover that the 8255 is not selected. 
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Connect CS* of the 8255 to pin 4 of the 74155. Run the program, entering 
112 when it asks for the port A address. The lights blink. Try some other ad- 
dresses, say 48, 80, and 96, all multiples of 16. The 8255 is not selected. 
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Figure 9-4. 74155 decoding circuit 


This circuit does not provide unique addresses. The combination of the 8255 
and the 74155 decodes only the top four and bottom: two address lines. This 
means that if the CS* line of the 8255 is connected to pin 9 of the IC, port A 
can be selected with addresses 0, 4, 8, and 12. Port A addresses of 0, 4, 8, and 
12 select the 8255, but values beyond this range do not. If CS* of the 8255 is 
connected to pin 12 of the 74155, port A can be selected by values of 48, 52, 56, 
and 60. It is possible to reduce the ambiguity by including some extra decoding 
circuitry. The only penalty you pay for having a simple circuit is remembering 
that the port A addresses must be multiples of 16. 

Notice that only one device is needed to provide all this decoding. Another 
device you could use is the 74LS138, which in some ways is a bit simpler to 
understand. 


Decoding 16 Addresses at Once 


It is difficult to imagine a situation in which you would need more than the 
eight peripheral devices which could be handled by the 74155. Just in case, 
however, the circuit of Figure 9-5 yields sixteen decoded addresses. The circuit 
uses a 74154 or 74LS154 ‘‘4 Line to 16 Line Decoder/Demultiplexer.’’ This de- 
vice is similar to the 74155. It decodes all of the six address lines (A7 to A2) that 
are not decoded by the 8255. If the device is connected as shown in Figure 9-5, 
it will accurately select 16 devices with one chip. When used with devices like 
the 8255, the addresses are unique. One 8255 can be placed with port A at port 
address 0, another at port address 4, another at port address 8, and so on, up 
to 60. 
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If you have access to a 74154 or 74LS154, hook up the circuit and try it out. 
It is an elegant solution for someone who needs a lot of devices. The 74154 
costs just $1.69 as opposed to $1.15 for the 74155. 
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Figure 9-5. 74154 decoding circuit 


Final Remarks about Decoding 


Ihave not said much about taking data into the TRS-80 with these decoding 
schemes. You must make the EXT IO SEL* line of the input/output port low 
to take data in. If you have only one device that will be called on to input data, 
you can use a 7432, just as you did in Figure 6-1 in the chapter on inputting 
data. A 7432 is shown in Figure 9-5, with the connections shown as dashed 
lines. Notice that it is connected between the CS* of the 8255 and the IN* line 
of the input/output port. 

If you need to input data from more than one device, you must use addition- 
al logic circuitry. I will show such circuitry in later chapters, as needed. Each 
circuit must be tailored to fit the precise application, with the proper combina- 
tion of gates. 

You may wonder what you do with a device that does not decode address 
lines AO and Al for you, as the 8255 does. Use the address that is associated 
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with AO and Al when they are low; that is, when their bit pattern is 00. This is 
the address occupied by port A of the 8255. Remember that you have to use 
some logic circuitry to combine the decoded address with the IN* or OUT* sig- 
nals from the input/output port. The 8255 also handles that automatically. 


Chapter 10 
Timing 


Tue ABILITY TO DETERMINE INTERVALS of time accurately is another virtue 
of using the TRS-80 as a controller. Many times, you must wait five seconds 
before turning on a light, or wait fifteen minutes before flashing a message on 
the computer screen. This chapter presents some methods of accomplishing 
these kinds of tasks. 


Demonstration 10-1 
Timing Loop with Comments 


The simplest, but probably not the best, means of timing is with a FOR- 
NEXT loop. Again, BASIC is rather slow, so even a short FOR-NEXT loop 
can waste a considerable amount of time. The following program lets you ex- 
periment with such delays: 

10 REM TIMING LOOP PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 

30 OUT 3,146 *8255 A,B, IN, C OUT 

40 INPUT ‘“‘LOOP CONSTANT”; A *GET CONSTANT 

50 OUT 2,255 *TURN ON ALL LIGHTS 
60 FORI=1TOA *TIMING LOOP 

70 NEXT I *>END TIMING LOOP 

80 OUT 2,0 *TURN OFF ALL LIGHTS 
90 GOTO 40 *KEEP IT UP 


Enter this program exactly as printed; the comments are typed at the fourth 
tab location on your TRS-80. A timing constant of 2344 leads to a delay of al- 
most 10 seconds. The accuracy varies from one Model III to another, for the 
inherent timing of the machine is set by a quartz crystal. Check the timing with 
a watch. If you have access to an old-fashioned clock timer, you can hook it up 
as shown in Figure 10-1. The timer I used is an old 6 volt timer, a #20225AD 
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Figure 10-1. Stoelting clock circuit 


made by the C. H. Stoelting company of Chicago. Such timers are frequently 
found in laboratories, but they are expensive. A watch works fine, but is less 
convenient. The circuit is basically the same as that of Figure 7-5. I found that 
to get good saturation of the transistor, I had to change the base resistor of that 
circuit to 330 ohms because the timer coil draws almost half an ampere of cur- 
rent. Fortunately, with the design methods of Chapter 7, making the adjust- 
ment is simple. A photograph of the setup is shown in Photo 10-1. 

The TRS-80 goes through the loop in the program 2344 times in precisely 10 
seconds. In theory, 234 times through the loop should generate a delay of 1 





Photo 10-1. Stoelting clock 
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second, and 23440 times should generate a delay of 100 seconds. The actual 
times are very close to these. 

This seems to be a handy timing scheme, but things are not so rosy, as you 
will see in the next demonstration. 


Demonstration 10-2 
Timing Loop with Extra Remarks 


Use the program in Demonstration 10-1, but add nine REM lines, as shown: 
61 REM 
62 REM 
63 REM 
64 REM 
65 REM 
66 REM 
67 REM 
68 REM 
69 REM 

You might think that the REM lines have no effect on the timing. Run the 
program, and use the timing constant, 2344, that gave precisely 10 seconds in the 
last demonstration. 

The delay has grown to 29.48 seconds. BASIC is an ‘‘interpreter.’’ It must 
crack the code of each program line each time it encounters it. Figuring out 
what any program line means, including REMs, takes hundreds of machine- 
language instructions. Many people think that remarks waste only program 
storage space. They also slow down the program. 

Delete the REMs in lines 61 to 69, and put them in lines 11 through 19. Run 
the program with a timing constant of 2344. There is no appreciable change; it 
is still 10 seconds. Apparently, the REMs must be in the loop for there to be 
any effect. Put the REMs in lines 81 through 89, removing those in lines 11 
through 19. Again, there is no increase in the timing. I would not depend on 
this, however. It is wise to check the timing of this sort of timing loop when- 
ever you change the text of the program. 


Demonstration 10-3 
Timing Loop with Loop on One Line 


The program for this demonstration is only slightly different from the one 
in Demonstration 10-1, but the whole program is given here: 
10 REM TIMING PROGRAM, LOOP ON ONE LINE 


20 OUT 236,16 *SET UP TRS-80 PORT 

30 OUT 3,146 *8255 A,B IN, COUT 

40 INPUT ‘“‘LOOP CONSTANT’’;A *>GET CONSTANT 

50 OUT 2,255 *TURN ON ALL LIGHTS 
60 FOR I=1 TO A:NEXT I *TIMING LOOP 

80 OUT 2,0 *TURN OFF ALL LIGHTS 


90 GOTO 40 *KEEP IT UP 
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Surely, such a small change makes no difference in the timing. Run the pro- 
gram, using the constant 2344. My TRS-80 takes precisely 6.36 seconds to exe- 
cute the timing loop. 

In this program, BASIC does not have to sift through the line number and 
the symbol that indicates the end of a line. Any change in the text of a program 
can radically change the timing generated by loops of this type. 


Demonstration 10-4 
Timing Loop with No Comments 


This time, you will eliminate all the comments, except for the REM at the 
beginning of the first line. This should speed things up somewhat. The pro- 
gram looks like this: 

10 REM TIMING LOOP WITH NO COMMENTS 
20 OUT 236,16 

30 OUT 3,146 

40 INPUT “‘LOOP CONSTANT”’;A 

50 OUT 2,255 

60 FORI=1 TOA 

70 NEXT I 

80 OUT 2,0 

90 GOTO 40 


Run the program with the timing constant 2344. This time, it takes 6.08 sec- 
onds. A constant of 3750 gives precisely 10 seconds in this case, not 2344. Per- 
haps the safest way to eliminate variations in timing is to remove comments en- 
tirely. This strategy has the added advantage of saving program space. Com- 
plex programs without comments, however, are very awkward. It may not be 
possible to figure out how they work at a later date. 

I do not mean to imply that the FOR-NEXT timing loop arrangement is not 
useful, only that the timing must be checked frequently to make certain that it 
has not changed when the program has been changed. Fortunately, the design- 
ers of the Model III have included a solution to this problem. 


The TRS-80 Real-Time Clock 


There is an accurate clock in the Model III. To view the clock, simply type in 
direct mode: 
POKE 16526,152:POKE 16527,2:A =USR(0) 
The clock display appears in the upper right-hand corner of the computer 
screen. To remove the clock display from the screen, type in direct mode, 


POKE 16526,161:POKE 16527,2:A = USR(0) 

The clock runs continuously, whether it is displayed on the screen or not, ex- 
cept under four conditions. It does not run during cassette input or output, 
during disk input or output, if you specifically turn the clock off, and at other 
times. Cassette and disk operations demand too much of the computer’s time 
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to allow the clock to continue running, so it stops when they are in action. The 
clock may be turned off completely, as I will show later. 

It is important to understand the workings of the clock in some detail to use 
it effectively. Unfortunately, it is not possible to understand it without some 
knowledge of the inner workings of the machine. 


PEEKs, POKEs, and Memory 


The Z80 is capable of addressing 65,536 memory locations—locations 0 to 
65,535. That is because it uses a 16-bit number to address the memory, and 
65,536 is the maximum number of locations that can be addressed by 16 bits. 
Recall that 2 to the sixteenth power is 65,536. Each memory location consists 
of an 8-bit word, called a ‘“‘byte.’’ They are laid out as shown in Figure 10-2. 
This drawing is called a ‘‘memory map.’’ A more detailed one is found on 
page 81 of the Model III reference manual (page 12/23 if you have the older 
edition). 


MEMORY MAP 
DECIMAL HE XADECIMAL 
ADDRESS ADDRESS 
0 O 
RESERVED FOR COMPUTER 
ROM 
VIDEO 
16383 KEYBOARD 3FFF 
16384 4000 
RAM 
RESERVED FOR COMPUTER 
17384 43E8 
17385 4369 
RAM 
FOR USER 
TO END OF TO END OF 
MEMORY MEMORY 





Figure 10-2. Memory map 


The area from memory location 0 to 16383 is reserved for the computer’s 
use. It consists mainly of ROM, or read-only memory. ROM is permanent 
memory. Its contents cannot be changed. If the computer is turned off, and 
then back on, it is still there. You can read it, but you cannot write to it. It con- 
tains the machine-language programs that make the computer work, and espe- 
cially, the BASIC interpreter. Also included from 0 to 16383 are the keyboard 
and the video display, both of which are addressed as if they were memory 
locations. 

Memory locations from 16384 to 32767 are a different kind of memory, 
called RAM, for random-access memory. That simply means that this memo- 
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ry can be written to, or read at will. You can change it. When the computer is 
turned off, this memory disappears. It is said to be ‘‘volatile.”’ 

RAM is divided into two parts. The part from location 16384 to location 
17384 is reserved for the computer itself to use. You should not change this 
part unless you know what you are doing, for it contains all the temporary 
memory storage that makes the machine work. If something in this area is 
changed improperly, the machine may become confused, and all sorts of 
strange things can happen. This is the area in which the important clock con- 
stants are stored. 

The area of 17385 and above is available to the user. BASIC programs, your 
own machine-language programs, and so on are stored here. The older version 
of the Model III reference manual had an error in the memory map. User mem- 
ory on the Model III starts at 17385, but the older manual said 17129. The older 
manual simply reproduced the memory map from the Model I TRS-80, which 
had 256 more bytes of user memory. The Model III needed more user memory 
for the computer’s use. This 256-byte difference causes some of the troubles you 
encounter in converting Model I programs for use on the Model III. 


Demonstration 10-5 
PEEKs and POKEs 


Level II BASIC provides a way of reading memory locations directly and of 
changing them if they can be changed. This is done through the use of the 
PEEK and POKE commands. They are best shown through a demonstration. 
You will use the clock for this purpose. The ‘‘seconds”’ storage location in the 
Model III is at location 16919, in the computer’s private RAM area. You use 
PEEK to look at it. Display the clock on the screen, as shown above, and type 
in the following program: 


10 REM PEEK DEMONSTRATION 


20 A=PEEK(16919) ’GET SECONDS 
30 PRINT @45,A *PRINT SECONDS 
40 GOTO 20 *KEEP IT UP 


The program prints out the seconds next to the clock display for easy com- 
parison. In line 20, variable A is set up by PEEKing into memory location 
16919, the location of seconds for the clock. Variable A is then printed out in 
line 30, and the process continues in line 40. The PEEK command lets you 
look at the memory locations directly from BASIC. 

POKE lets you alter RAM constants at will. To see its operation, make sure 
that the clock is displayed on the screen and type in direct mode: POKE 
16919,0. Watch the clock display when you push ENTER. The seconds are set 
back to 0. If you type POKE 16919,10, the seconds are set to 10. You have di- 
rect control over the clock. POKEing a value into locations 16919 and above is 
precisely the way that the clock is set, as shown on Page 53 of the Model III 
reference manual. 
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POKE can also be used to turn the clock display on and off, but I recom- 
mend using the method shown at the beginning of the chapter. POKEing does 
not tie up all the loose ends that this method does. Make sure that the clock 
display is turned off. Then, in direct mode, type: POKE 16912,1. The clock 
display appears. POKE 16912,0 will usually turn the clock display off. You 
have probably figured out that memory location 16912 is the one that controls 
the operation of the clock display. You should not use it for this purpose, how- 
ever, except in a pinch. Sometimes the clock display does not turn off properly 
with POKE 16912,0. 


Clock Locations in Memory 


The clock’s timekeeping values are stored in RAM as shown in the following 
locations: 


Value Memory Location 
Months 16924 
Days 16923 
Years 16922 
Hours 16921 
Minutes 16920 
Seconds 16919 
Heartbeat 16918 


You probably will not use months, days, and years very much, because the 
clock tends to cumulate error when it stops for disk or cassette operations. If 
you do not use disk or cassette, it keeps time like a champ. It even keeps track 
of the proper length of the various months. 

The heartbeat is not listed in the reference manual, but it is important. It 
changes 30 times per second, but it counts backward, from 30 to 0, again and 
again. You can see its operation by changing the value in line 20 of the program 
at the beginning of Demonstration 10-5 to 16918. The heartbeat counter can 
give very fine control over timing. 


Demonstration 10-6 
Imprecise Timing with the Clock 


Assume that you want to time a 50-second interval with the real-time clock. 
The simplest way to do this is setting the clock to 0 at the beginning of each 
timed interval and watching it continuously until the proper time has elapsed. 
A program that does this is as follows: 

10 REM IMPRECISE TIMING PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,146 8255 A,B IN, C OUT 

40 OUT 2,255 *TURN ON ALL LIGHTS 
50 POKE 16919,0 *CLEAR OUT SECONDS 
70 A=PEEK(16919) ’>GET SECONDS 


80 PRINTA *PRINT TIME 
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90 IF A=5 THEN 110 *CHECK TIME 


100 GOTO 70 *KEEP CHECKING 
110 OUT 2,0 *TURN OFF ALL LIGHTS 
120 PRINT ‘‘DONE”’ *INDICATE COMPLETION 


The program includes statements which allow you to use the external clock 
to check times. Note that there is no line 60. That probably leads you to think 
that there is an improvement to be made in the program in the future. 

Through line 40, the program is the same as that we have used for many 
chapters. Line 50 puts 0 in location 16919, which is the location of seconds in 
the real-time clock. In line 70, the seconds value is retrieved from 16919. In line 
80, it is printed out so you can see it. In line 90, a check is made to see whether 
five seconds have elapsed. If so, the program jumps to line 110 and finishes 
up. If not, then it returns to line 70 and starts over. The extra statements in the 
program may confuse you. Without them, the program is as follows: 

10 REM IMPRECISE TIMING PROGRAM 


50 POKE 16919,0 *CLEAR OUT SECONDS 
70 A=PEEK(16919) ’GET SECONDS 

90 IF A=5 THEN 110 *CHECK TIME 

100 GOTO 70 *KEEP CHECKING 

110 PRINT ‘‘DONE”’ *INDICATE COMPLETION 


The program looks much simpler, but it does not allow the use of the me- 
chanical clock. 

Run the first program. Do you get precisely five seconds of timing? My 
clock gives values of 4.52, 4.82, and 4.39 in three trials. This is close enough to 
five seconds for many purposes, but it still is not exact. 


Demonstration 10-7 
Precise Timing with the Clock 


The program in the last demonstration was slightly in error because you dis- 
regarded the heartbeat counter in location 16918. Recall that this counter runs 
continuously, counting backward from 30 to 0, again and again. When it gets 
to 0, the seconds counter is increased by 1, and the whole process begins again. 

This counter runs continuously and can be at any value from 0 to 30 when 
you begin running the program. Unless it is set at 30, you lose part of a second. 
There is no way to predict just how much of a second will be lost. The timing is 
not as accurate as it could be. 

To fix the problem, simply insert the following line in the previous program: 

60 POKE 16918,30 ’SET HEARTBEAT 

Three sample timings with this statement included are 5.03, 5.04, and 5.04 
seconds. I find that I can get five seconds if the heartbeat counter is set to 29, 
rather than 30. This corrects for the .04 seconds that BASIC seems to waste. 
Be very careful not to set the heartbeat counter to 0. If you do that, the heart- 
beat counter must count 256 times before the first count of seconds is made. 
This takes about eight seconds. Remember that an 8-bit number, such as that 
stored in memory location 16918, can be as large as 255. 


TIMING/ 103 


Demonstration 10-8 
Timing Using Differences in Time 


The previous timing methods relied on setting the real-time clock to 0 when 
timing was started. This is not always a practical method, especially if a knowl- 
edge of real-world, exact time is needed, or if more than one event must be 
timed. When this situation occurs, you must get the present time from the 
clock and then do your timing from that value. The following program does 
this: 

10 REM TIME DIFFERENCE TIMING PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 

30 OUT 2,146 ’8255 A,B IN, C OUT 

40 C=PEEK(16919) *GET OLD SECONDS 

50 B=C+5 *ADD IN DURATION 

60 IF B>59 THEN B=B-—60 *FIX OVERFLOW 

70 OUT 2,255 ’TURN ON ALL LIGHTS 
80 A=PEEK(16919) *GET SECONDS 

90 IF A=B THEN 110 *CHECK TIME 

100 GOTO 80 *KEEP CHECKING 

110 OUT 2,0 *TURN OFF ALL LIGHTS 
120 PRINT ‘‘DONE”’ *INDICATE COMPLETION 


This program operates very much like the last one. The ports are set up in 
lines 20 and 30. The value of the seconds at the beginning of the timing interval 
is obtained in line 40. In line 50, the duration of the timing interval is added. In 
line 60, a check is made to see if the resulting value is a possible one. For exam- 
ple, if the time in seconds at the beginning of the interval is 58 seconds, the re- 
sult in line 50 is 63 seconds. Sixty-three seconds is not a possible value; there- 
fore, 60 seconds must be subtracted to make the value legitimate. The program 
does not work without line 60. Line 70 turns on the lights and my external 
clock. 

Lines 80 through 100 check for the end of the timing period, just as before. 
When it is over, the external clock is turned off, and DONE is printed on the 
screen. 

Note that the heartbeat counter is not taken into consideration in this pro- 
gram; this would require a much more complicated program. Still, the tim- 
ings are reasonably accurate. I obtained values of 4.64 seconds, 4.10 seconds, 
and 4.42 seconds. That is accurate enough for many situations. 

Notice that I have dealt only in seconds in the examples given. For longer 
timing periods, you must use the minutes counter, even the hours counter, 
convert everything to seconds by multiplying minutes by 60 and hours by 3600, 
and so on. The programs become more complex, but the underlying concepts 
remain the same. 


How the Real-Time Clock Works 


Knowing a bit about the actual operation of the real-time clock is frequently 
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very useful. To understand it, you need a little background in machine lan- 
guage. The clock is controlled by the heartbeat counter, which updates the 
clock 30 times per second. You may have wondered how the pulses at precisely 
30 hertz are generated. The circuitry that controls the picture tube on the video 
display uses 60 cycles per second to paint the line across the screen. This fre- 
quency is set by a quartz crystal and is quite accurate. The Model III uses this 
frequency, divided by 2, to control the clock. 

Almost all microcomputer chips are capable of reacting to what are called 
“‘interrupts.’’ When the Z80 receives a signal on its interrupt pin, it stops doing 
whatever it is doing at the moment and does the task that it is supposed to han- 
dle when an interrupt arrives. Interrupts are generated by important things, 
which simply cannot wait. The clock must be updated every 1/30 second, and 
the TRS-80 must do it right away. It cannot wait for, say, a line of BASIC to 
be finished, for that may take more than 1/30 of a second. When the interrupt 
arrives at pin 16 of the Z80, the chip handles it immediately. 

Program execution stops, and the Z80 remembers where it was and shifts 
the machine-language program to memory location 56, in the general scheme 
of the memory map shown in Figure 10-3. Machine-language program execu- 
tion then begins at location 56. 

Let’s look at what is in that location and the two after it. The following 
BASIC program lets you examine these locations: 


10 REM MEMORY PEEK PROGRAM 

20 INPUT ‘‘ENTER LOCATION”’;A 

30 PRINT PEEK(A),PEEK(A + 1), PEEK(A + 2) 
40 GOTO 20 


Enter this program, run it, and tell it that you want memory location 56. 
The program tells you that memory locations 56, 57, and 58 contain the values 
195, 18, and 64, respectively. 

This is the machine’s own language. Machine-language programmers usual- 
ly prefer to work in hexadecimal, so I will show the conversion. You can do it 
yourself by using Table 2-2. 


Decimal 195 18 64 
Hexadecimal C3 12 40 


C3 in machine language is the same as GOTO in BASIC. It is called a 
“‘jump,’’ abbreviated as JP. At memory location 56, the Z80 is told to jump 
somewhere in memory. The location to which it is to jump is found in the next 
two locations, 57 and 58. 

You might think that the machine jumps to location 1240 hexadecimal, but, 
unfortunately, there is one other complication. The Z80 saves addresses back- 
ward. It always puts the most important byte last and the least important byte 
first. Consequently, C3 12 40 means ‘‘jump to memory location 4012.’’ This 
means that when the Z80 gets the interrupt signal, it jumps to location 56 deci- 
mal. At that location, the TRS-80 ROM tells it to jump to memory location 
4012 hex, 16402 in decimal. Use the program to look at what is in locations 
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16402, 16403, and 16404. 

Location 16402 is again 195, meaning jump, and the three numbers, con- 
verted to hex, wind up saying ‘“‘jump to location 3018 hex.’’ If you look at 
12312 (3018 converted to decimal) and the two locations following, you discov- 
er that they say ‘‘Jump to 35C2 hex.”’ 

This path is shown in its entirety in Figure 10-3. Five jumps are made before 
the TRS-80 actually gets to the machine-language clock program at 13609, after 
beginning with an interrupt at location 56. 


INTERRUPT 
OCCURS 
LOCATION 56 
LOCATION 16402 
LOCATION 12312 
LOCATION 13762 
INTERRUPT HANDLER 
LOCATION 16454 
LOCATION 13609 
REAL-TIME CLOCK 


Figure 10-3. Interrupt path 












The area around memory location 12312 is a mass of jumps (use the pro- 
gram to check this out), and so is the area around memory location 16402. The 
Z80 is fast enough that the jumps do not slow things down much. 

Notice that some of the memory locations involved in the jumps are in 
ROM, from locations 0 to 16383. There are other jumps in the part you can 
change, in 16384 and up. This is to allow Disk BASIC, developed after the 
main BASIC, to make connections with the ROM program. Since these loca- 
tions are in alterable memory, it is possible to radically change the way in 
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which the clock works. You can change the routing of the interrupts at will by 
changing the jump statement at 16402, and you can change the routing of the 
clock pulses, specifically, by changing the jump statement at 16454. 

You could, for example, write a machine-language clock program that 
would count directly in seconds, and patch it into the chain of events above. 
You would not have to worry about converting minutes and hours to seconds. 
Since the Z80 can count up to 65,536 internally, you would still have 18 hours 
of timing. The jumps in the RAM area give you this flexibility. 


Turning off the Clock 


As you recall, the clock in the Model III runs almost continuously. That can 
be a bother, because there are times when you do not want it running. It is pos- 
sible to use the TRS-80 to generate musical tones, as you shall see in Chapter 
13. When you attempt this, there is a choppy noise in the tone. This is caused 
by the operation of the clock. The clock updates the heartbeat counter 30 times 
a second and updates all the other clock values once a second. It steals time 
from the tone-generating program to do this, leading to a horrible noise. 

One simple way to turn the clock off is to tamper with the string of jumps 
shown in Figure 10-3. At memory location 16402, there is a jump location 
12312. If you could prevent that jump, you could stop the clock. Machine lan- 
guage has a statement which works like the RETURN in BASIC. It is RET, 
and its decimal code is 201. Turn on the screen clock and in direct mode type 
the following: 

POKE 16402,201 
The screen clock stops permanently. You can reenable the clock by typing: 
POKE 16402,195 

This puts the jump back in. I do not recommend this method of stopping the 
clock, for it does not tie up all the loose ends that should be tied up in the ma- 
chine-language program. It also wastes a bit of time in the jumping process, 
but it makes a good demonstration. 

The proper way to stop the clock is by preventing the 30-hertz pulse from in- 
terrupting the computer. You do this by setting bit 2 on port 224 to 0. You can- 
not observe this by sending OUT 224,0, because the clock interrupt is reset 
when READY appears. The following program does the job: 


10 REM CLOCK INTERRUPT STOPPER 
20 OUT 224,0 *RESET PORT 224 BITS 
30 GOTO 30 *LOOP FOREVER 


Turn on the screen clock and type in the program. Before you run it, note 
the time on the clock, then run the program. Nothing obvious happens when 
the program is running. When you push BREAK, as you must to stop the pro- 
gram, the clock has not advanced. While the program is running, the clock is no 
longer interrupted. The clock resumes action at the end because the appear- 
ance of the READY prompt resets many functions. OUT 224,0 seems to pre- 
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vent further cassette operations at times. If you discover that the cassette re- 
corder activates peculiarly after this command, simply turn off the computer 
for a second, and things return to normal. Oddly enough, this happens only 
sporadically. 


Chapter 11 
Analog Interfacing 


So FAR, THE DISCUSSIONS have dealt with digital signals—signals which take 
on values of either 0 volts or 5 volts. Clearly, events in the real world fre- 
quently take on values other than these two. A limitation to two values is 
quite restrictive. 

Devices which handle many voltages are called analog devices. The word 
‘‘analog’’ comes from a Greek word meaning ‘‘proportionate.’’ Early analog 
computers dealt with varying voltages directly, proportionately, using linear 
amplifiers. Analog computers were usually large, expensive, often trouble- 
some machines. There are still some analog computers in use, but for the 
most part they have been replaced by digital computers, those which handle 
only discrete values. 

The TRS-80 handles only discrete values, yet it can deal with values that 
can take on any value. It is a trick, but a very clever one. The Z80 CPU uses 
8-bit words, and 8-bit words can represent only 256 values. The Z80, with 
some difficulty, can handle 65,536 different values, but this discussion will 
stick with 256. 

The 256 value limitation is not as restrictive as you might think. In psychol- 
ogy, for example, IQ scores are used a great deal. IQs range from a low of 
about 30 to a high of something like 200. There are no decimal points in IQ 
scores, so that is only 170 values. The Z80 could handle that easily. In the 
physical sciences, however, measurement is a great deal more precise, and 
measurements that are accurate to one part in a million are common. That is 
clearly beyond the accuracy of an 8-bit word. 

The solution is to increase the number of bits. If 20-bit words are used, 
1,048,576 values can be handled. Two to the twentieth power is 1,948,576. If 
30 bits are used, over a billion different values can be separated. The Z80, of 
course, has to do a lot of computation to keep up with that many bits, and it 
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takes more time to do so, but it can be done. 

In short, to increase the accuracy of measurement, more and more bits are 
used, leading to more and more small steps. This approach might seem unsat- 
isfactory, that only infinitely variable devices are suitable. In practice, real- 
world analog devices are not as variable as many people think. Measurements 
in the real world are often made by some sort of variable resistor. Resistors of 
this type are by no means infinitely variable. A common variable resistor, or 
potentiometer, can take on only a limited number of settings. These values 
are not only discrete, but rather unpredictable. I often think of a micrometer 
as the best example of a very precise physical science analog device. A mi- 
crometer is a measuring device that looks like a C-clamp, which measures to 
an accuracy of a thousandth or ten-thousandth of an inch. Common microm- 
eters measure only to that accuracy, and are not dependable beyond that 
limit. In other words, analog devices are not infinitely variable; they only ap- 
pear that way. 

More importantly, if you are good enough with digital measurement, you 
can exceed the accuracy of most analog devices. A good example of this is pho- 
nograph recordings. For years, sound recording was done through purely ana- 
log means, with severe limitations. The analog approach led to limited fre- 
quency response and rather high noise levels. Many high-fidelity recordings 
are now made by digital means, with an incredible increase in accuracy. Most 
such recordings are made by converting the audio signals to 12 to 16 bits of 
digital information. If greater accuracy is wanted, the number of bits stored is 
increased. 

The TRS-80 handles analog measurements by converting them to discrete 
values and treating them as any other computer words. All the semiconductor 
devices needed for this purpose are available, cheaply, from the semiconduc- 
tor manufacturers. 

Books on analog conversion seem much more complicated than those on 
digital devices. The technology in this field seems somewhat more fluid than 
digital technology. For example, a good book on analog topics is Titus, Titus, 
Rony and Larsen’s Microcomputer-Analog Converter Software and Hard- 
ware Interfacing. It is excellent and nonmathematical, but it discusses many 
devices that are now rather out of date. Carr’s Microcomputer Interfacing 
Handbook: A/D and D/A is another excellent book on the subject. 

The purpose of this chapter is not to make you an expert on these devices, 
but rather to get you started on using readily available, inexpensive devices in 
circuits that are likely to work. The emphasis is on simple applications. I have 
used the simplest possible circuitry, usually at the expense of accuracy. If you 
can manage to do analog measurement successfully with a simple device, you 
can move on to more accurate measurement. The problem is that of wading 
through the often confusing, highly technical literature to get started. 
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Analog to Digital (A-to-D) Converter 


A voltage exists outside the computer, and you want to know what it is. 
Since the computer cannot directly interpret analog (varying) values, you must 
first convert it to digital values. There are many devices to do this job, but the 
ADC0804, made by National Semiconductor and other suppliers, is probably 
the simplest. It is an almost completely self-contained conversion system. You 
can hook it up directly to the data bus of your computer; you do not even need 
an 8255. It needs only one power supply and can be operated without external 
reference voltage inputs if great accuracy is not needed. Best of all, it costs on- 
ly about $5, and you can most likely buy it at a local electronics shop. Similar 
devices are the ADC0801, ADC0802, and ADC0803. The various numbers 
seem to refer only to slight differences in accuracy. A good reference on this 
unit is the National Semiconductor Linear Databook. 

The ADC0804 is connected to the TRS-80 as shown in Figure 11-1. As men- 
tioned, it has its own latch circuitry and can be hooked right to the input/out- 
put port on the Model III. The left side of Figure 11-1 looks a lot like the con- 
nections for the 8255 in Figure 6-1. The ADC0804 is at port address 0 with this 
arrangement. The right side has only a few connections. The ADC0804 has an 
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Figure 11-1. ADC0804 circuit 
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internal oscillator that it uses to accomplish its job. The oscillator is regulated 
by the resistor and capacitor that are connected to pins 4 and 19. The voltage 
to be measured is applied to pin 6. In Figure 11-1, a 10k potentiometer is con- 
nected across the power supply so that you can vary the voltage applied to the 
ACD0804. 

When CS* and WR* of the chip both go low, the analog-to-digital (com- 
monly called A-to-D) converter begins making the conversion. It does this bya 
series of very educated guesses, or ‘‘successive approximations,’’ which take 
about 100 microseconds. BASIC is so slow that you do not have to worry 
about this delay. With machine-language programs, however, you must con- 
sider the 100 microsecond period. 

When the 100 microseconds are up, read the voltage on pin 6 with an INP 
statement. The result is a number from 0 to 255, which is directly related to the 
voltage, as shown in the next demonstration. 


Demonstration 11-1 
A Simple Analog-to-Digital Converter 


Hook up the circuit of Figure 11-1. It is wise to have a capacitor connected 
directly from the +5 volt supply to ground at pin 20 of the ADC0804. It is a 
voltage measuring device, and any power line spikes should be smoothed out 
as much as possible so that the readings are not affected. When all is connect- 
ed, run the following program: 

10 REM A-TO-D CONVERTER PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 0,0 *START CONVERSION 
40 PRINT INP(O) *PRINT VALUE READ 
50 GOTO 30 *KEEP IT UP 


Numbers fly by on the left side of the screen. These are the values being read 
from the ADC0804 as BASIC queries it as to the voltage that exists on pin 6. 
By varying the setting of the potentiometer connected to that pin, you can se- 
lect any voltage from 0 to 5 volts. Try changing the potentiometer. You should 
be able to get any number from 0 to 255 by careful adjustment. 

Line 20 should be very familiar by now; the TRS-80 input/output port does 
not work without it. Line 30 makes the CS* and WR* lines on the ADC0804 
low at the same time. This in turn make it begin converting the analog data to 
the 8 bits you want to take into the TRS-80. Line 40 inputs the value from the 
A-D converter and prints it out. Line 50 keeps the process up, so that it may be 
seen on the screen. If the numbers on the screen change a bit too rapidly, adda 
line: 45 FOR I=1 TO 100:NEXT I. This line slows things down. 

Notice several things about the numbers you get from the ADC0804. Some- 
times, even when you are not changing the potentiometer, you may see 100, 
99, 100, 99, 100, 99, alternating. This is an inherently troublesome problem 
with A-D converters. One or more of the following things may be happening. 
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(1) The potentiometer may not be as stable as you think it is. (2) The +5 volt 
supply may be changing a bit. After all, the 5 volts is being divided into rough- 
ly .02 volt segments (5/256) so that a small change would be registered easily. 
(3) The setting of the potentiometer may be exactly between two possible out- 
puts of the A-D converter; the thing cannot make up its mind. (4) You are not 
running the ADC0804 under optimal conditions. You do not have a stable ref- 
erence voltage source, regulated supplies, and so on. Still, the measurement is 
not bad for a $5 chip. 


Demonstration 11-2 
A Digital Voltmeter 


This is a minor variation of the last demonstration. Use the following 
program: 
10 REM DIGITAL VOLTMETER PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 0,0 *START CONVERSION 
40 PRINT (INP(0)/255)*5 *PRINT VOLTAGE 

50 GOTO 30 *KEEP IT UP 


No changes are needed in the circuitry. When the program is run, the com- 
puter prints out the actual voltage applied to pin 6 of the ADC0804. The volt- 
age conversion is done in line 40 of the program. Remember that the values ob- 
tained on INP(0) range from 0 to 255. Dividing by 255 converts this to a pro- 
portion. This proportion is then multiplied by 5 (the actual range of voltages) 
to yield the voltage on pin 6, subject to the sorts of errors mentioned earlier. 

See if you can set the voltage to precisely 1 volt, or 3 volts, with the potenti- 
ometer. If you are very careful, you can hit it exactly sometimes, although it 
may be difficult. It all depends on the interaction of BASIC, the ADC0804, 
and the error. 

Accuracy of this sort may not impress you. The old Lafayette volt-ohm 
multimeter that I use to check circuits cost $30, and has a 5 volt range. Each 
volt is divided into 10 units, giving the voltmeter a resolution of 1/10 of a volt. 
The ADC0804 costs $5, and gives a resolution of about .02 volts—roughly 20 
times better. Of course, the A-D converter is not being operated with proper 
voltages and under optimal conditions. The multimeter has a basic accuracy of 
3 percent; properly adjusted, the A-D converter has an accuracy of about .4 
percent under proper operating conditions. I suspect that the ADC0804 beats 
the multimeter even under nonoptimal conditions. If the A-D converter is 
jarred or dropped, its accuracy does not change, but that of the multimeter 
does. A 12-bit A-D converter would give accuracies of .02 percent or so. 


Demonstration 11-3 
An Inexpensive Oscilloscope 


You can use your TRS-80 for an inexpensive, if rather slow, oscilloscope. 
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Enter the following program and run it: 
10 REM OSCILLOSCOPE PROGRAM 


20 CLS *CLEAR SCREEN 

30 C=255/47 *VERTICAL CONSTANT 

40 OUT 236,16 *SET UP TRS-80 PORT 

50 FOR X=0 TO 127 *SET HORIZONTAL LOOP 
60 OUT 0,0 *START CONVERSION 

70 SET (X,47-(INP(0)/C)) *MAKE MARK ON SCREEN 
80 NEXT X *>END HORIZONTAL LOOP 
90 GOTO 20 *KEEP IT UP 


Vary the voltage at pin 6 of the ADC0804 with the potentiometer. You get a 
nice plot of the voltage over time. The program uses the SET/x,) graphics 
function of TRS-80 BASIC. With this function, you can light up any point in 
the 128-by-48 grid of the screen. The arrangement of the screen in this mode is 
shown in Figure 11-2. The x values go from 0 to 127 on the horizontal axis (mak- 
ing 128 points), and the y values go from 0 to 47 on the vertical axis (mak- 
ing 48 points). The vertical points are arranged backward from the usual nota- 
tion used in mathematics. Mathematicians number points from bottom to top, 
and the SET function numbers them from top to bottom. 
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Figure 11-2. TRS-80 SET screen 


To plot a graph, all you must do is to move the x values from 0 to 127 during 
a given period of time, while changing the y values in accordance with the volt- 
age readings coming from the ADC0804. 
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In the oscilloscope program, line 30 sets up the constant needed to arrange 
the 255 voltage values properly on the 48-point vertical axis of the screen; that 
is, there are 255 possible voltages, in addition to 0. That means that each of the 
47 screen points must take in 5.4255 voltage units (255/47). You do not want to 
calculate that value every time you use it, so it is done at the beginning of the 
program. 

The loop beginning in line 50 of the program moves the x value from 0 to 
127. Line 60 starts the conversion process. Line 70 actually sets the point. 
SET(X, specifies the horizontal point, but 47-(INP(0)/C)) looks confusing. 
INP(0)/C scales the 255 voltage points to fit the 48 points on the screen. The 
SET graphics function goes from bottom to top; therefore, you must subtract 
INP(0)/C from 47 to orient things properly on the screen. The result is 
47-(INP(0)/C). 

It is also possible to connect an audio oscillator, such as that used in Chapter 
8, to the ADC0804. The oscillator I use puts out both positive and negative 
voltage. I use the circuit shown in Figure 11-3. 

If your oscillator does not emit negative voltages, you can connect it directly 
between ground and pin 6 of the A-to-D converter. Be careful not to put too 
much voltage from the oscillator on pin 6. Start with the voltage at 0 and raise 
it slowly. Be certain to connect the ground of the oscillator before the hot lead, 
to protect the ADC0804. If you run the program, you get a sine wave plotted on 
the screen. A photograph of this wave is shown in Photo 11-1. 

This A-to-D converter setup is quite useful. While setting it up, I used it to 
check the pulse width on an integrated circuit oscillator I was building. It is dif- 
ficult to buy a real storage oscilloscope for five dollars. If necessary, you could 
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Figure 11-3. Audio oscillator hookup 
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Photo 11-1. Analog-to-digital audio oscillator sine wave 


use a machine-language program to speed up the program and make it more 
useful. 


Digital to Analog (D-to-A) Conversion 


For some reason, devices which convert digital data to analog data are more 
difficult to obtain and harder to use than A-to-D units. This is surprising, for 
D-to-A devices are much less complicated internally. 

Most D-to-A devices have two distinct disadvantages: they require a positive 
and a negative power supply to operate and they need some sort of latch, such 
as the 8255, to make them work. The ADC0804 discussed in the last section 
does not have either of these troublesome requirements. Steve Ciarcia, in the 
January 1982 BYTE magazine, describes a device, the Analog Devices 
AD558, which eliminates both disadvantages. Unfortunately, it is not readily 
available. 

Most D-to-A converters need negative supplies because analog computers 
needed to put out both positive and negative voltages, and two supplies were 
needed for that. Perhaps the best amplifiers in the field of electronics are called 
‘‘operational amplifiers,’’ which almost universally use both positive and neg- 
ative supplies. The D-to-A converter that you will use in this section is the 
DACO0801, widely available for about five dollars from many sources, includ- 
ing Radio Shack. 
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To connect the converter to the TRS-80, use the circuit shown in Figure 11-4. 
This is not a sophisticated circuit, but it allows you to do some simple ex- 
periments with the converter. The DAC0801 needs a device to hold the digital 
data from the computer. Fortunately, the 8255 is present on your prototyping 
board and you can use it for this purpose. The data lines from the DAC0801 
are connected to the port C outputs of the 8255. If you look up the device in 
the National Semiconductor Linear Databook or other similar sources, notice 
that the data lines are numbered backward on the pin diagram. The most sig- 
nificant bit is numbered B1, and the least significant is B8. 
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Figure 11-4. DAC0801 circuit 


A source of —5 volts is needed; the DAC0801 simply will not operate with- 
out a negative supply. I have an old laboratory supply that I use for a negative 
5 volt source. It would be no trick to make another 5 volt supply like the one 
shown in Figure 4-3. Since very little current is needed for this purpose, you 
could use a 9 volt battery and a 5 volt zener diode as a stopgap measure. Hook 
them up as shown in Figure 11-5. This circuit works well, but remember to dis- 
connect the battery when not using it. 

You can use any multimeter, but one of 20,000 ohms per volt or better is 
preferable. A zero-center meter would work quite well, for the voltage swings 
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on either side of 0 volts. Do not omit the various bypass capacitors. The 
DACO0801 has a fair amount of amplification in it, and the capacitors serve to 
stabilize things. When everything is connected properly, proceed to the next 
demonstration. 
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Figure 11-5. Zener diode hookup 


Demonstration 11-4 
Digital-to-Analog Conversion 


Type the following program into your TRS-80. 
10 REM D-TO-A DEMONSTRATION PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,146 8255 A, B IN, C OUT 
40 INPUT ‘‘DESIRED VALUE”’;A *>GET DATA 

50 OUT 2,A *SEND TO 8255, DAC 
60 GO TO 40 *KEEP IT UP 


By entering values from 0 to 255, you can obtain almost any voltage be- 
tween —5 and +5 volts. My setup yields the following values: 
Value Voltage 


255 +5 
187 +4 
172 +3 
157 +2 
142 +1 
128 0 
114 -1 
100 —2 
85 -3 
69 -—4 

0 —5 


These values are plotted in Figure 11-6. Notice that the curve is linear, except 
at the ends. The nonlinearity is a function of the approximate setup. A 
DAC0801 with good reference voltages, proper voltage supplies, and good ter- 
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mination is just as accurate as the ACD0804. Still, the linearity from —4 to 
+4 volts is quite good. The difference between successive | volt intervals is al- 
most always 15 units. 
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Figure 11-6. Plot of DAC0801 values 


Demonstration 11-5 
Analog-to-Digital-to-Analog 


You can combine Demonstrations 11-1 and 11-4 to allow you to start out 
with an analog signal, convert it to a digital signal in the computer, and output 
the signal as an analog signal. To do this, you must connect two devices to the in- 
put/output port of the TRS-80. Figure 11-7 shows how to do this. 

A 74155 is used to select the devices, as explained in Chapter 9. No 7432 is 
needed with the 8255, since it is being used for output only. The A-to-D circuit 
remains as it was in Demonstration 11-1, and the D-to-A is just as it was in 
Demonstration 11-4. You must change the port addresses. The ADC0804 is at 
address 16, and the 8255/DAC0801 combination is at address 0. The follow- 
ing program lets you control the analog output voltage by varying the 10k 
potentiometer: 


10 REM A-TO-D-TO-A PROGRAM 
20 OUT 236,16 *SET UP TRS-80 PORT 


30 OUT 3,146 78255 A,B IN, C OUT 

40 OUT 16,0 *START CONVERSION 
50 A=INP(16) *GET DATA FM 804 

60 OUT 2,A ‘OUTPUT DATA TO 801 
70 GOTO 40 *KEEP IT UP 


Type the program and turn on all necessary voltages. When you run the pro- 
gram, you can control the analog output by varying the analog input. The out- 
put settings vary directly with the input settings. If you want the output voltage 
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Figure 11-7. ADC0804 and DAC0801 connected to TRS-80 


to be two-thirds the input voltage, it is only necessary to add the statement: 
A=A*(2/3) 

When you add this statement, the output voltage does not vary as much as it 
did. You can make any mathematical transformation to the data between the 
time that it enters the computer and leaves it. It can be squared, logarithms can 
be taken, complex equations can be calculated. All of these functions can be 
done by analog electronic circuitry, but such circuits are inflexible; they do on- 
ly one thing. The computer can convert the data in any way that you want, 
and, indeed, can change its tactics at will. 


Demonstration 11-6 
Digital Recording 


You can use the circuit from Demonstration 11-5, with minor modifica- 
tions, to make digital sound recordings. The fidelity is not very high, but the 
principles are the same. If you take samples at a frequency that is at least twice 
the frequency that you want to record, and if enough bits are encoded, essen- 
tially perfect recordings can be made. Humans cannot hear much beyond 
20,000 hertz, so 40,000 samples per second would have to be taken for excel- 
lent sound recordings. Approximately 14 bits are necessary to encode the data. 

There are several problems with this scheme. The ADC0804 needs 100 micro- 
seconds to make the A-to-D conversion. That means that only 10,000 samples 
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may be taken per second, and the fidelity is limited to 5000 hertz. Only eight bits 
are being encoded in your scheme, again not enough for high fidelity. 

The real limitation is that it is necessary to have a place to put the data. The 
TRS-80 you are using has only 16,384 storage locations for both program and 
data storage. The data is taken into the computer and it must be put some- 
where before it is played back. An hour’s recording would take an awesome 
amount of memory. Practical digital recorders dump the data out on elegant 
tape recorders as fast as it is taken in, but you do not have that luxury. 

Some compromises are necessary. With the arrangement of Figure 11-8, 
you are stuck with 8-bit recording. It would be possible to make data conver- 
sions at a rate of 10,000 per second with the ADC0804, but that would fill up 
all available memory in about a second. You are taking only 4000 samples per 
second. That limits the frequency response to 2000 hertz, which most definite- 
ly is not high fidelity. BASIC certainly will not allow you to take samples 4000 
times per second, so you have to use a machine-language program to do the 
job. The program to use is as follows: 

10 REM DIGITAL RECORDING PROGRAM 

20 REM NEXT LINES CONTAIN MACHINE LANGUAGE 
30 DATA 33,87,80,17,55,127,62,0,211,16 

40 DATA 6,39,16,254,219,16,119,35,124 

50 DATA 146,32,242,125,147,32,238,195 

60 DATA 154,10 

70 DATA 33,87,80,17,55,127,6,39, 16,254 

80 DATA 126,211,2,35,124,146,32,244, 125 

90 DATA 147,32,240,195,154,10 

100 REM NEXT LINE READS IN MACHINE LANGUAGE 
110 FOR 1=32576 TO 32629:READ A:POKE 1,A:NEXT I 
120 OUT 236,16 *SET UP TRS-80 PORT 

130 OUT 3,146 ’8255 A,B IN, C OUT 

140 INPUT “‘TYPE 1 FOR RECORD, 2 FOR PLAY’’;B 
150 IF B=2 GOTO 190 *JUMP TO PLAY 

160 REM NEXT LINE JUMPS TO RECORD PROGRAM 
170 POKE 16526,64:POKE 16527,127:C = USR(0) 

180 GOTO 140 *KEEP IT UP 

190 REM NEXT LINE JUMPS TO PLAY PROGRAM 
200 POKE 16526,93:POKE 16527,127:C = USR(0) 

210 GOTO 140 KEEP IT UP 

Type the program, and save it on cassette tape. As with all machine-lan- 
guage programs, if an error is made in entering the program, you may have to 
press RESET to regain control. 

You must modify the circuit of Figure 11-7 slightly to allow recording. The 
revised circuit is shown in Figure 11-8. Use the cassette recorder as your audio 
input device. Record a short bit of tape using the microphone on the recorder 
as the input to the ADC0804. Thomas Edison used ‘‘Mary Had a Little 
Lamb’? for his first recording, and that is what I used. Record it over and over 
on the tape. The input to the ADC0804 is taken from the earphone jack of the 
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cassette recorder. The voltage on my recorder swings both negative and positive, 
so it is connected just as the audio oscillator was in Figure 11-3 to allow 
the negative swings to be retained. Do not turn the recorder volume level any 
higher than necessary. 
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Figure 11-8. Digital recording setup 


Connect the output of the DACO0801 to a pair of stereo headphones as 
shown in Figure 11-8. Be sure to include the 500 ohm resistor so that the D-to-A 
converter is not damaged. 

When all is ready, reset the computer. Set memory size at 20000 to leave 
room for digital data storage and the machine-language program. Load in the 
program with a CLOAD statement, turn on all the power supplies to the pro- 
totyping board, and run the program. 

Connect the ADC0804 to the earphone jack of the recorder. Run the pro- 
gram. Start the recorder playing back ‘‘Mary had a little lamb. ..’’ Answer 1 
to the question TYPE 1 FOR RECORD, 2 FOR PLAY. The computer records 
three seconds of your words. 

Next, put on the headphones and answer 2 to TYPE 1 FOR RECORD, 2 
FOR PLAY. In the headphones, you hear the worst recording you have ever 
heard. It is very low fidelity, there is a whine from the 4000 hertz sampling rate 
of the program, and the TRS-80 clock puts gurgling noises in the sound. But it 
works. You have made a recognizable digital recording. You could make a bet- 
ter recording with faster sampling and more bits, but this is still a good demon- 
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stration of the principle. 

It is possible to store words like “‘right’’ and ‘‘wrong,”’ or perhaps the digits 
from 0 to 9, in this fashion. These sounds could be used as answers to test ques- 
tions or as an audible means of checking data as you enter it into your computer. 


Chapter 12 
Interrupts 


Many OF THE COUNTING and timing methods shown in Chapters 9 and 10 
are inefficient, for they rely on endless looping and checking of data. To 
make a count, the programs have to examine data perpetually, looking for 
changes. Timing involves checking the real-time clock again and again to see 
whether a period of time has elapsed. There is nothing wrong with these 
methods, but they waste the computer’s energy. The machine spends all of its 
time checking things over and over, while its time could better be spent doing 
other tasks. 

A way is needed for an outside event to tell the computer to stop what it is 
doing, do a more important task, and return to its original task. Assume that 
a count is to be made whenever an outside switch closes. The switch is hooked 
up to the computer, and when it closes, the computer changes its tasks for the 
moment, making a count. Then it returns to its previous task. No endless 
checking of input data is needed, and the computer becomes a much more 
useful tool. 

Most microcomputer chips have the ability to do precisely that. They per- 
mit what are called ‘‘interrupts.’’ When the interrupt line on the Z80 goes to 0 
volts, the chip jumps to another program. When that job is finished, the Z80 
returns to its previous task. Interrupts are essential for efficient operation of 
any computer system. Large computers have many forms of interrupts. 

The use of interrupts is tricky for a number of reasons. Interrupts almost 
always require the use of machine language. It is possible to manage inter- 
rupts in BASIC, but it requires a special version of the language, which is not 
found in the TRS-80. 

The use of interrupts requires great care, especially if more than one exter- 
nal event may cause an interrupt. Assume that one interrupt occurs, and the 
Z80 responds to it, shifting to another task. While this interrupt task is going 
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on, another interrupt occurs—the interrupted task is interrupted. The Z80 
and its controlling program must be sophisticated enough to remember what 
it was doing during the main program, and what it was doing during the first 
interrupt. There is a great chance for confusion. The system may forget where 
it was and drift off into meaningless calculations. 

It is quite possible for interrupts to occur so rapidly that the machine never 
returns to the original task. The interrupt, and the interrupt of the interrupt, 
and the interrupt of the interrupt of the interrupt get so complex and so great 
in number that the microcomputer chip is overloaded and crashes. Because 
of these and other considerations, this chapter is one of the most difficult in 
the book. 


Interrupts in the Model III 


I talked a little about interrupts in Chapter 10, in discussing the real-time 
clock in the TRS-80. The clock uses interrupts, as do cassette and disk opera- 
tions and the RS-232 unit. These three uses are internal to the TRS-80. 

Look at the diagram of the input/output port of the TRS-80, in Appendix I. 
Notice that there is a pin marked IO BUS INT*; it is pin 39. The existence and 
name of this pin imply that you can cause an interrupt to occur simply by 
grounding it, as long as the input/output port is enabled by using OUT 236, 16. 
That is more or less the case, but it is more complicated than that. You must go 
through a lot of complex gyrations to make the external interrupt pin usable. 

First of all, the interrupt must get from input/output pin 39 to the Z80. To 
do this, you have to manipulate an internal port in the TRS-80 that I men- 
tioned only briefly in conjunction with the real-time clock. As you recall, if bit 
2 of port 224 is reset to 1, the clock works. If it is reset to 0, the clock is turned 
off. Port 224 is the port that controls the routing of the electrical interrupt 
signals. 

To let the interrupt signal from the input/output port get to the INT* pin of 
the Z80, and thus initiate an interrupt, you must make bit 3 of port 224 high. 
The BASIC statement OUT 224,8 makes bit 3 high and allows the interrupt 
from pin 39 to get through. OUT 224,0 prevents the impulse from getting 
through. It is very important that this interrupt does not get through when it is 
not supposed to. 

Assume that OUT 224,8 has been sent, and the impulse does get through to 
the Z80 and starts the interrupt. The long chain of jumps, mentioned in Chap- 
ter 10 and shown in Figure 10-3, occurs. The Z80 first jumps to memory location 
56 decimal. Then it jumps to location 16,402. Then it jumps to 12,312. 
Then it jumps to 13,762. Remember that all of these jumps are made for the 
convenience of the programmers who wrote TRS-80 BASIC and to allow you 
to intercept the interrupts. All memory locations above 16,384 are in random- 
access memory and thus are accessible so that you can change the routing. 
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Location 13,762, the last jump mentioned in ROM, is called the ‘‘interrupt 
handler.’’ It controls the further routing of the interrupts. First, the TRS-80 
inputs a value from port 224. This port contains the status of each of the possi- 
ble interrupting devices in one 8-bit word. If there is an interrupt on a device, 
the bit corresponding to it is low. Next, the computer checks to see whether the 
interrupt comes from the cassette recorder. The cassette interface uses inter- 
rupts to accomplish its task. If the interrupt is from the cassette recorder, that 
is, if the bits 0 or 1 of the word from port 224 are low, the program branches off 
to the cassette routines. 

If not, the master program saves all the memories in the Z80 chip, so that 
their contents are not lost. Then it checks bit 2 of the word that it got from port 
224. If that is low, it knows the interrupt is from the real-time clock and 
branches to the part of the program that updates the clock. 

If the interrupt did not come from the clock, the computer checks to see 
whether the interrupt came from the input/output port. It knows this because 
bit 3 of the word gotten from port 224 is low; bit 3 is an exact copy of the inter- 
rupt line coming into the machine. If bit 3 is low, the computer jumps to mem- 
ory location 16445 to continue execution there. If bit 3 is not low, it continues 
checking other bits. 

If external interrupts are enabled by sending OUT 224,8, and if an external 
interrupt has occurred, the computer eventually transfers the machine-lan- 
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Figure 12-1. Interrupt path 
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guage program that runs it to location 16445. At that location, you must put in 
another jump. There is no room for a program in that part of memory. In the 
interrupt program shown later in the chapter, you will make the computer 
jump to memory location 32,001, but you can use any location you want. This 
long, complex chain of events is shown in detail in Figure 12-1. 

The scheme is so complicated and complex because there are many possible 
interrupting devices, and because this arrangement provides a great deal of 
flexibility. All sorts of devices can be handled without confusion. 


Interfacing Hardware Needed 


You might think that all you need do is to say OUT 224,8 and ground the IO 
BUS INT* line on the input/output port to generate an interrupt. It is not that 
easy. That system generates an interrupt, and when it finishes dealing with that 
interrupt, the system tries to go back to its original task. The IO BUS INT* 
line, however, is still low. Even if you ground pin 39 as quickly as possible and 
let go, the computer is so fast that the INT* line is still low when the interrupt 
routine is done. If the INT* line is still low, another interrupt is generated— 
and another, and another. Pretty soon the computer is so lost in all these inter- 
rupts that it becomes totally confused and gives up. Obviously, a better way of 
generating the interrupt impulse must be developed. 

Assume that a switch closure is to lead to the interrupt. When this happens, 
the IO BUS INT* line on the input/output port must go low and stay low until 
the computer recognizes its status. When the computer finishes with the inter- 
rupt, the IO BUS INT* line must go high and stay high until the next switch 
closure occurs. Because of the great speed of the computer, the IO BUS INT* 
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Figure 12-2. Timing diagram 
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line must go low very rapidly and return to the high state very rapidly, without 
any bounces from the circuitry or the switch. These changes are shown in the 
timing diagram of Figure 12-2. 

The device you need is called a ‘‘flip-flop.’’ The type of flip-flop that is most 
suitable for this purpose is a 7474, or a 74LS74 in the low-power-Schottky ver- 
sion. A diagram of half of this versatile integrated circuit is shown in Figure 
12-3. The pin diagram of the whole IC, which has two identical flip-flops, is 
given in Appendix II. 





Figure 12-3. One-half of the 7474 


There are many 7474s in your TRS-80. If pin 4 of the 7474 is grounded, the 
output marked Q goes high, and the other one, marked Q*, goes low, instant- 
ly, no matter what else is happening. This is called the set or preset input. If pin 
1, or the clear input, is grounded, Q goes low, and Q* goes high, immediately, 
no matter what is happening. These are called the ‘‘asynchronous”’ inputs, be- 
cause they are not dependent on the clock input. Obviously, the set and clear 
inputs should not both be grounded at the same time, or the 7474 becomes very 
confused. You must arrange the circuit so that this does not happen. 

If pin 3, the clock input, goes from low to high, or from 0 volts to 5 volts, 
the level that is on the data, or D, input (pin 2) is transferred to pin 5, the Q 
output. The Q* output is always the opposite of the Q output. If pin 2 is 
grounded, and pin 3 goes from low to high, pin 5, or Q, goes low. This hap- 
pens only when pin 3 goes from low to high. A transition from high to low has 
no effect. Q stays low until another impulse from low to high comes through, 
or until something happens to the set or clear inputs. The low-to-high transi- 
tion must occur rapidly and without any bounce or the 7474 does not work 
correctly. Put a 7474 on your prototyping board, hook it up to some indicator 
lights, and fiddle around with it until you see how it works. You can also refer 
to Don Lancaster’s TTL Cookbook. 

If pin 2 of the 7474 is grounded, and you arrange a low-to-high transition on 
pin 3, pin 5 (Q) goes low. IO BUS INT* on the computer must go low to gener- 
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ate an interrupt, and it must remain low until the computer acknowledges the 
interrupt. Thus, if IO BUS INT* is connected to pin 5 (Q) of the 7474, the in- 
terrupt is started. When the computer has finished acting on the interrupt, you 
can have the computer make pin 4 of the 7474 low for an instant, and Q goes 
high, preventing any further interrupts. All these conditions can be met by the 
circuit of Figure 12-4. 

The switch in Figure 12-4 is connected in the bounceless push-button circuit 
developed in Chapter 8. It is important to have only one low-to-high transition 
per switch closure; without the bounceless push button, there could be many 
interrupts generated for each switch closure for each activation of the switch. 
When the low-to-high transition occurs, Q of the 7474 goes low, and remains 
low, even if there are more button pushes. Pin 5 (Q) goes high only if the set 
connection (pin 4) goes low. Since you have an 8255 on your prototyping board, 
you use bit 0 of port C to do this. The program that handles the interrupt in the 
computer must keep bit CO of the 8255 high all the time, except when the inter- 
rupting signal is to be cleared. Bit CO should go low, just for an instant, to 
make Q low. In this way, you get a low interrupt signal for just the period that 
you need it, without any ambiguity. 
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Figure 12-4. Interrupt circuit 
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To summarize, a transition from low to high on pin 3 of the 7474 makes pin 
5 low, starting the interrupt. You can stop the interrupt by making bit 0 of port 
C of the 8255 low for an instant, resetting pin 5 high. Finally, the bounceless 
push-button circuit prevents multiple interrupts. 


The Controlling Interrupt Program 


The following program is used to demonstrate interrupts. Be sure to reset the 
computer and enter 32000 as the memory size to reserve memory locations 
above that value for the machine-language part of the program. 


10 REM INTERRUPT PROGRAM 
20 REM NEXT LINE LOADS IN MACHINE LANGUAGE 
30 FOR I=32001 TO 32020:READ A:POKE I,A:NEXT | 


40 OUT 236,16 *SET UP TRS-80 PORT 
50 OUT 3,146 *8255 A,B IN, C OUT 

60 OUT 2,255:OUT 2,0:0UT 2,255 *CLEAR INTERRUPT 

70 POKE 16446,1 *LSB OF INTERR ADDR 
80 POKE 16447,125 *MSB OF INTERR ADDR 
90 POKE 32200,0 *CLEAR COUNTER 

100 OUT 224,8 "ENABLE INTERR 

110 PRINT PEEK(32200) *PRINT COUNT 

120 GOTO 110 *KEEP IT UP 


130 REM FOLLOWING IS DATA FOR INTERRUPT ROUTINE 
140 DATA $8,200,125,60,50,200, 125,62,255 
150 DATA 211,2,62,0,211,2,62,255,211,2,201 


Type the program and save it immediately. This is important, for when you 
run the program, the cassette routines may not work, since they use the inter- 
rupts you are going to alter. You may have to turn the TRS-80 off to reset the 
computer properly after running the program. 

Hook up the circuit of Figure 12-4, connect the power, set memory size to 
32000, and run the program. When you push the switch, you should find an in- 
creasing count on the screen. Counting is occurring by interrupts, and the system 
is so fast it counts faster than you can push the button. The senseless looping 
used in previous chapters is no longer necessary. The loop in the program is 
there only so that you can see the results. In a practical program, the computer 
could be doing other things during this time. 

The BASIC section of the program is easy to understand. Line 30 takes the 
machine-language program from the DATA statements at the end and puts it in- 
to memory locations 32001 to 32020. It is all on one line, but you could use sepa- 
rate lines, as follows: 


30 FOR 1=32001 TO 32020 
31 READ A 
32 POKE 1,A 
33 NEXT | 
The loop goes from 32001 to 32020, reads a bit of data in line 31, and POKEs 


it into the memory locations reserved with the MEMORY SIZE statement in line 
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32. It is essential that the machine language be placed so that the BASIC inter- 
preter cannot destroy it. It is placed in locations 32001, 32002, up to 32020. 

Line 40 sets up the input/output port, and line 50 sets up the the 8255. Ac- 
cording to the TRS-80 circuit diagram, it is not necessary to enter line 40 to use 
the interrupts, but line 40 is necessary to use the 8255. 

Line 60 makes certain that the 7474 is not asking for an interrupt before the 
machine-language program starts. It sets all the port C bits of the 8255 to 1 
through the OUT 2,255 statement. OUT 2,0, makes them all low for an instant, 
and OUT 2,255 makes them high again. Remember that briefly grounding pin 4 
of the 7474 makes pin 5 (Q) high. Without this statement, an unwanted interrupt 
might occur as soon as the input/output port interrupts were enabled in line 100. 

Lines 70 and 80 set up the address to which the interrupt handler jumps when 
an input/output port interrupt occurs. Recall that it jumps to memory location 
16445. Machine-language program execution continues from that location. Lo- 
cation 16445 already contains a machine-language jump instruction, and the 
next two bytes contain the address to which the jump is made. These values, in 
lines 70 and 80, are as follows: 


Location 16446 16447 
Decimal 1 125 
Hexadecimal 1 7D 


Remember that the Z80 stores addresses backward. The hexadecimal address 
to which the interrupt handler jumps is 7D01. The machine takes 7D first and 01 
second. 7D01 in hex is 32001 in decimal, and that is where the machine-language 
interrupt program starts. 

Line 90 puts 0 in memory location 32200. This is the byte of memory in which 
the count is kept. It must be set to 0 when the program starts, or the count will 
not be correct. You are using just eight bits for the counter, so the count can go 
only to 255. It is not difficult to change the program so that the count goes as 
high as 65536, but things would look a lot more complicated, so stick with a 
maximum count of 255. 

In line 100, interrupts are enabled from the input/output port. At this point, 
all necessary preparations have been made: (1) You have made sure that there is 
not an interrupt in line 60. (2) You have set up the interrupt routine address in 
lines 70 and 80. (3) You have cleared the count location in line 90. The IO BUS 
INT* line of the input/output port, or pin 39, is enabled when bit 3 of port 224 is 
made high. 

The following bit pattern must be sent to port 224: 0000 1000, which is 8 in 
decimal. When OUT 224,8 is sent out, the interrupts to the routine are allowed 
to pass to the Z80. Notice that the real-time clock is disabled by this statement. 
Bit 2 must be set for the clock to function, and OUT 224,8 does not do that. Asa 
result, you do not need to worry about the clock for the moment. Lines 110 and 
120 look at the contents of memory location 32200 over and over so that you can 
see the operation of the program. 
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The counting procedure does not seem to appear in the BASIC program. The 
Z80 handles the interrupts, interrupting the BASIC program flow whenever it 
feels that it is necessary. At this point, you do not have to worry about the count- 
ing process. 


The Machine-Language Program 


To understand the machine-language program, you must know a little about 
the internal structure of the Z80. The Z80 has a lot of 8-bit memories or “‘regis- 
ters’’ in it. Figure 12-5 shows a few of the registers. You need only register A, but 
you should know that more exist. Registers A, B, C, D, E, H, and L can store 
8-bit numbers. Register F has a special purpose, but you can put numbers into 
any of the other registers, add them together, do logical operations on them, and 
so on. 





Figure 12-5. Z80 memories 


You can do many more things with the A register than you can do with the 
others. Input/output operations all go through the A register; the other registers 
cannot do this. In the old days, a register like the A register was called the ‘‘accu- 
mulator,’’ and everything went through it. The Z80 is not so restrictive in this re- 
spect, but many other microcomputer chips, such as the 6502, are. 

The machine-language program looks like this: 


Location Hex Code Symbol 
32001 3A C8 7D LD A,(7DC8H) 
32004 3C INCA 
32005 32 C8 7D LD (7DC8H),A 
32008 3E FF LD A,OFFH 
32010 D3 02 OUT (2),A 
32012 3E 00 LD A,00H 
32014 D3 02 OUT (2),A 
32016 3E FF LD A,OFFH 
32018 D3 02 OUT (2),A 
32020 cg RET 


Each instruction takes one or more bytes. The 3A C8 7D of the first line trans- 
lates into the 58, 200, 125 of line 140 of the BASIC program. The BASIC pro- 
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gram must put data into memory in decimal; machine language is better under- 
stood in hexadecimal. 

Each statement of the machine-language program is analogous to a BASIC 
statement. The following chart shows the BASIC analogy next to the machine- 
language program. 


BASIC Machine Language 

10 A= PEEK(32200) LD A,(7DC8H) 

20 A=A+1 INCA 

30 POKE 32200,A LD (7DC8H),A 

40 OUT 2,255 LD A,OFFH 
OUT (2),A 

50 OUT 2,0 LD A,00H 
OUT (2),A 

60 OUT 2,255 LD A,OFFH 
OUT (2),A 

70 RETURN RET 


In line 10 of the BASIC program, the value from memory location 32200 is 
put into variable A. 32200 is the counter location. In line 20, variable A is in- 
creased by 1. In line 30, variable A is put back into memory location 32200. 

Lines 40, 50, and 60 make bit 0 of port C equal 1, 0, and then 1 again to reset 
the 7474 flip-flop and stop the interrupt. Line 70 returns control to the main BA- 
SIC program. It is not really possible to write a BASIC program like that, for 
BASIC cannot respond to interrupts, but the principles are precisely the same. 

Line 10, in BASIC, is A= PEEK(32200). The machine-language equivalent is 
LD A,(7DC8H), which gives instructions to load register A with the contents of 
memory location 7DC8, hexadecimal. 7DC8 hex is 32200 in decimal. It takes 
three bytes of machine language to store the operations. 3A means “‘load,”’ and 
the next two bytes are the address, 7DC8, backward. 

The BASIC line 20 is A=A+1. This is where the count is made. A is in- 
creased by 1. The machine-language code for this is only one byte, or 3C hex. 
Notice that the machine-language statement is much shorter in bytes than the 
BASIC statement. BASIC must store the ASCII letters A = A + 1, plus the state- 
ment number, and some other things. This is why a machine-language program 
is always shorter than a BASIC program. In machine language, you also could 
say ADD A,1, but that would take two bytes, and thus be less efficient. 

In BASIC, the next line is 30, POKE 32200,A. The machine-language equiva- 
lent is LD (7DC8H),A. This translates into ‘‘load the contents of register A into 
memory location 32200.” The BASIC and the machine-language statements 
mean the same thing, but the machine language, as always, is a lot shorter. The 
actual code is 32 C8 7D. The 32 means “‘load,’’ and C8 7D translates into 7DC8 
hex, or 32200. It is a different kind of load than the first statement. 

The first three lines of the machine-language program get the count from 
32200, increment it by 1, and put it back into 32200. The next three statements 
make pin 4 of the 7474 low for an instant and then make it high again to clear the 
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interrupt on the IO BUS INT* pin. Line 40 in BASIC (OUT 2,255) makes cer- 
tain that this pin is high before making it low. This statement is not necessary, 
but it is good insurance. Machine language here is a bit more complex, because 
input and output operations in the Z80 must go through register A; thus, two 
statements are needed. You first have to load register A with 255, or FF hex, in 
LD A,OFFH. That means ‘‘load register A with the value FF hexadecimal.’’ The 
next machine-language statement, OUT (2),A, outputs the value of register A to 
port 2. The machine language takes four bytes, 3E FF D3 02, but that is still 
shorter than the ASCII storage of the BASIC program. 

The next two statements make pin 4 of the 7474 low for an instant and then 
high again. Line 50, OUT 2,0, translates to LD A,00H and OUT (2),A in ma- 
chine language. Line 60 (OUT 2,255) is equivalent to LD A,OFFH and OUT 
(2),A in machine language. Again, the machine language takes two operations 
to do the job. The BASIC interpreter is written in machine language and uses 
precisely the same machine-language concepts to do the job. 

Line 70, RETURN, corresponds to RET in machine language. RET tells the 
computer to carry on with the previous task. 

To convert the machine-language program to the numbers found in the 
DATA statements of the overall BASIC program, you must convert the hex 
codes to decimal. It looks like this: 


Symbol Hex Decimal 
LD A,(7DC8H) 3A 58 
C8 200 
7D 125 
INCA 3C 60 
LD (7DC8H),A 32 50 
C8 200 
7D 125 
LD A,OFFH 3E 62 
FF 255 
OUT (2),A D3 211 
02 2 
LD A,00H 3E 62 
00 0 
OUT (2),A D3 211 
02 2 
LD A,OFFH 3E 62 
FF 255 
OUT (2),A D3 211 
02 2 
RET C9 201 


Using the Clock with Other Interrupts 


It would be great to have the use of the real-time clock, which uses the inter- 
rupts, and at the same time have other interrupts available. Turn on the screen 
clock by typing, in direct mode: 
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POKE 16526,152:POKE 16527,2:A = USR(0) 

The clock should appear in the upper right-hand corner of the screen. Change 
line 100 of the overall program to: 

100 OUT 224,12 

This keeps the real-time clock turned on while the program is running. The 
clock is turned on by bit 2 of port 224, and external interrupts are enabled by 
bit 3. Having bits 2 and 3 high creates the bit pattern 0000 1100, which is 
equal to 12. 

If you run the program, do both interrupts and the clock work? If you hit the 
switch while the program is running, the count increases. At the same time, oc- 
casionally, the clock appears on the screen as it is updated every second. It also 
seems to be working. Two interrupt systems are operating at the same time. The 
daisy-chain interrupt program in the TRS-80 interrupt handler seems to be doing 
things properly. 


Chapter 13 
More Counting and Timing 
Methods 


Tus CHAPTER PRESENTS MANY DIFFERENT SOLUTIONS to problems of 
counting and timing. For the most part, the discussion in this chapter deals 
with devices that help relieve the load on the microcomputer—devices which 
take over major tasks that the Z80 would normally have to do—thus freeing 
the computer to do other things. The criteria I used in selecting devices for in- 
clusion in this chapter are availability, cost, and ability to be used with an un- 
modified TRS-80. 


A Simple Digital Counter 


In many situations, it would be handy to have an outside device take over 
counting chores. If many different events are being counted, the computer 
eventually becomes completely tied up in the counting process, having no 
time left for other functions. 

Fortunately, there are many inexpensive integrated circuits which count 
very well. Perhaps the simplest one to use is the 74LS193, which costs 95 
cents. This device counts only to 16, but it is easy to hook them up in series, 
or ‘‘cascade’’ them, and get a count as large as you would like. There are 
many other counters, for example, the 74LS191, but these units are more dif- 
ficult to cascade. It is easy to set the 74LS193 to 0. There is not encugh room 
here for a detailed description of the device, but enough detail is shown to al- 
low you to make a usable counter. 

The circuit used to demonstrate the 74LS193 is shown in Figure 13-1. Two 
units are used, allowing a maximum count of 255. Port A of the 8255 is used 
in this circuit as a latch, and bit 0 of port C is used to clear the counter. The 
8255 should be connected to the computer as shown in Figure 6-1. Pull-up re- 
sistors do not seem to be required on port A. It is important that the ‘‘count 
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down” and ‘‘load’’ connections of the 74LS193s be connected to +5 volts, or 
the system does not work. The bounceless push-button circuit is essential, for 
these counters work well to 30 megahertz. 

A count is registered whenever pin 5 of the unit goes from 0 volts to 5 volts. 
Both units are set to 0 when the ‘‘clear’’ input is made high for an instant. 
The top 74LS193 knows when to count the highest four bits when its pin 5 re- 
ceives a count pulse from the ‘‘carry’’ output of the bottom one. The carry 
output is the feature that makes these devices so simple to cascade. 

A program to test the operation of these ICs is shown next: 

10 REM 74LS193 PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,146 ”8255 A,B IN, C OUT 
40 OUT 2,255:OUT 2,0 *CLEAR COUNTER 

50 PRINT INP(0) *PRINT COUNT 

60 GOTO 50 *KEEP IT UP 





Figure 13-1. 74LS193 counter 
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The count should start at 0 and continue upward as you press the switch un- 
til it reaches 255, the maximum count. Then the count returns to 0. Lines 20 
and 30 are familiar to you. Line 40 makes all the port C lines high for an in- 
stant and then low again to clear the counter. Line 50 obtains the count from 
port A of the 8255 and prints it. 

There is a problem in this scheme. If a count is made at precisely the moment 
that the computer is checking the count, a strange reading may occur. Say that 
the count is going from 15 to 16 at the instant the program executes the INP(0). 
A great number of bits change, and it is hard to say which the computer will pick 
up. What is needed is a way to hold the count for an instant to avoid this confu- 
sion. Unfortunately, the circuit of Figure 13-1 does not allow this. 

To see the effects of contact bounce, connect the count pin (5) of the lower 
counter to pin 1 of the 7400 used in the bounceless push button. This removes 
the debouncing. In my circuit, the count jumps to about 25 counts per press. 
These ICs count much more rapidly than the counting methods from Chapter 
8, which use software. These units tie up a substantial part of an 8255 and re- 
quire a fair number of wires, but they are very fast counters. 


The 8253 Programmable Timer/Counter 


The counting scheme used in the last section worked, but a rather large 
number of devices was needed—some sort of a latch, the counters, and, if the 
8255 was not used for the latch, various other ICs for that purpose. It would be 
lovely to have the counter and all its surrounding circuitry in one package, like 
our trusty 8255. 

A device which incorporates the counter and its circuitry in one package is 
the 8253 Programmable Timer/Counter, made by Intel. The 8253 contains 
three separate counters, each of which counts to 65535 at a rate of 2 mega- 
hertz. It connects directly to the TRS-80 input/output port with no more cir- 
cuitry than the 8255 needs. Refer to the Intel Component Data Catalog fora 
complete description of the device. I will describe a hookup for the unit and a 
program to make it operate, so that you can evaluate its operation. 

The 8253 is fairly easy to get for about 13 dollars from advertisers in com- 
puter magazines. You may have difficulty obtaining it locally. Connect the 
8253 to the TRS-80 as shown in Figure 13-2. This circuit is virtually the same as 
that for the 8255. A bounceless push button is used, so that the fast 8253 does 
not make multiple counts. 


A program that makes the 8255 function is shown next. 
10 REM 8253 TEST PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 
50 OUT 19,48 *SELECT COUNTER 0 
60 OUT 16,255 *SET COUNTER LSB 
70 OUT 16,255 *SET COUNTER MSB 


90 OUT 19,0 *LATCH COUNT IN 8253 
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100 N1 = INP(16):N2= INP(16) >GET COUNT 
110 PRINT N1,N2 *PRINT COUNT 
120 GOTO 90 *KEEP IT UP 


Notice that several lines have been left out. They will be added shortly. Line 
20 is familiar by now. Line 50 configures the 8253, just as OUT 3,146, for in- 
stance, sets up the 8255. OUT 19,48 says, ‘‘get ready to work with counter 0”’ 
and tells the 8253 how you want to do it. Lines 60 and 70 put 255 into the high 
and low counter bytes. The 8253 counts down, from 65535 to 0. This may 
seem strange, but most counters of this type work downward. You could put in 
any values, but 255 and 255 give the largest count. 
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Figure 13-2. Simple 8253 counter 
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Line 90 tells the 8253 to hold the last count. Again, there is a potential prob- 
lem if a count should come at precisely the time that the computer is interro- 
gating the ICs. The 8253 is sophisticated enough to avoid this. OUT 19,0 tells 
the 8253 to hold the count to be output for a moment. Counting, of course, 
continues, but now there is no possibility of data changing while the TRS-80 
reads it. In line 100, the two data values are taken from the 8253, and in line 
110, they are displayed. 

Connect the circuit of Figure 13-2, and run the program. You immediately 
see the principal problem with the 8253. Each time the switch is operated, the 
count on the left decreases. If you push the switch often enough, the count on 
the right changes. The problem is that the counter is not reset to the values 
specified in lines 60 and 70 until after the first count impulse comes in. Until 
the switch is pressed, the value read from the 8253 is unpredictable. 

Whether this is a drawback is hard to say. If it is certain that there will be at 
least one count impulse, then the problem disappears. But if a count of one is 
possible, then it is a sticky problem. You might think that you could save the 
count from the time just before the program is run and use that as a reference 
point. Say, for example, that the program contained a line 85 which obtained 
the counts before the counting actually began. Thus, the count might be 65530 
before counting started. Perhaps you could save that value, and when the 
count took on a value other than 65530, you would know that at least one 
count had been made. The problem is that, without some complex program- 
ming, the count of 65530 would be forever eliminated as a possible count for 
the 8253. In most applications, that simply is not acceptable. 

My solution is to pulse the 8253 count input from the computer just before it 
is used. The circuit of Figure 13-3 does the job. The 8255 is used to provide a 
momentary pulse to reset the 8253 counter. The pulse from port C of the 8255 
is combined in a 7432 (which you already have on the prototyping board) with 
the signal from the bounceless push button. The 7432 allows the clock input of 
the 8253 to go high if either input, or both, is high. The following program 
completes the needed lines: 

10 REM 8253 TEST PROGRAM 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,146 *8255 A,B IN, C OUT 

40 OUT 2,0 ’MAKE PORT C LOW 
50 OUT 19,48 *SELECT COUNTER 0 
60 OUT 16,255 *CLEAR COUNTER LSB 
70 OUT 16,255 *CLEAR COUNTER MSB 
80 OUT 2,255:0UT 2,0 *PULSE 8253 CLOCK 

90 OUT 19,0 "LATCH COUNT IN 8253 
100 NI =INP(16):N2= INP(16) *GET COUNT 

110 PRINT N1,N2 *PRINT COUNT 

120 GOTO 90 "KEEP IT UP 


If you connect the circuit in Figure 13-3 and run the program, the count 
starts at 255 and 255, and goes down properly. Line 80 makes certain that the 
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counter clears. To eliminate the backward count, replace line 110 with: 
110 PRINT (65535 — (N1 + 256*N2)) 
This shifts the count in the proper direction. 

Is the additional circuitry in Figure 13-3 worth the trouble? It probably is, 
for it gives you three counters very cheaply and with few wires. The 8253 can 
also be used as a timer if an external frequency source is available, and it has 
the ability to interrupt the TRS-80 when necessary. 


An External Real-Time Clock IC 


You probably often wish the built-in clock in the TRS-80 did not shut itself 
off so frequently. Its tendency to stop with input or output operations and 
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Figure 13-3. Complex 8253 counter 
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when the TRS-80 is turned off severely limits its timekeeping accuracy. 

There is a solution in the form of specialized clock chips. There are several 
of these on the market. The one I describe here is readily available and low in 
price. It is the MSM5832, made by the Japanese firm of OKI Semiconductors. 
To use it, you also must have a 32768 hertz quartz crystal. 

The MSM5832 is essentially a wristwatch chip adapted for computer use. It 
keeps track of hours, minutes, seconds, month, date, year, leap years, and so 
on. Its operation is completely independent of the computer’s; it will keep time 
forever if power is supplied. Indeed, a battery may be used as a backup so that 
the chip will keep timing even when the power is off. It neatly solves the prob- 
lems of the TRS-80 internal clock. 

The MSM5832 has one disadvantage. Although it looks as though it could 
be connected to the input/output port of the TRS-80, things are not that sim- 
ple. The MSM5832 needs more time to receive and supply data than the Z80 
chip allows. Consequently, the MSM5832 requires a PPI of its own. This 
makes the total cost of the external clock almost 20 dollars. 
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Figure 13-4. MSM5832 circuit 


144/ TRS-80 AS A CONTROLLER 


The MSMS5832 is connected to the TRS-80 as shown in Figure 13-4. Notice 
that each of the lines connected to the 8255 must be supplied with a pull-up re- 
sistor. OKI specifies 10k resistors, but I used 5k units with no difficulties. 
Since only four bits of port A of the 8255 are used, the remaining four were 
pulled down to ground level with more 5k resistors. It is not a good idea to 
ground them directly, for port A is used to output data half the time, and 
something might burn out if a direct ground connection is made. Port A of the 
8255 is used to provide the data to and from the MSM5832, port B is used to 
supply the addresses, and port C supplies three other needed bits. A photo- 
graph of the MSM5832 on the prototyping board is shown in Photo 13-1. 
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Photo 13-1. MSM5832 circuit 


Addresses of some of the registers of the MSM5832 are shown below: 


Address on Counter 
AO through A3 Addressed 


0 1 second 

1 10 seconds 
2 1 minute 

3 10 minutes 
4 1 hour 

5 10 hours 


To set any register, you first must make the HOLD line on the chip high. 
Then WRITE is made high, the address on the four address lines is supplied, 
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and then the data. To read any register, make HOLD high, then READ high, 
put the proper address on the address lines, and read the data from the count- 
er. There is a hitch to the write procedure. It is not possible to set the seconds 
and tens of seconds counter to any value that you like. No matter what you 
write to them, they are set to 0. 

The following program clears out the seconds and minutes counters and dis- 
plays the time, so that you can see the operation of the unit. 


10 REM MSM5832 PROGRAM 


20 OUT 236,16 

30 OUT 3,128 

40 OUT 3,1 

50 OUT 3,5 

60 OUT 0,0:OUT 1,0 
70 OUT 0,1:OUT 1,0 
80 OUT 0,2:0UT 1,0 
90 OUT 0,3:0UT 1,0 
100 OUT 2,0 

110 OUT 3,130 

120 OUT 3,1 

130 OUT 3,3 

140 OUT 0,0:A = INP(1) 
150 OUT 0,1:B=INP(1) 
160 OUT 0,2:C = INP(1) 
170 OUT 0,3:D=INP(1) 


*SET UP TRS-80 PORT 
8255 ALL OUTPUTS 
*MAKE HOLD HIGH 
*MAKE WRITE HIGH 
*CLEAR SECONDS 
*CLEAR SECONDS* 10 
*CLEAR MINUTES 
*CLEAR MINUTES*10 
*RESET PORT C BITS 
8255 A IN, B,C OUT 
*MAKE HOLD HIGH 
’*MAKE READ HIGH 
*READ SECONDS 
*READ SECONDS* 10 
*READ MINUTES 
*READ MINUTES*10 


180 PRINT A+ B*10,C+ D*10 
190 OUT 2,0 *CLEAR PORT C BITS 
200 GOTO 110 *KEEP CHECKING TIME 


If you have one of these chips, connect it and run the program. The 
MSM5832 has many more functions than I have described here, but the pre- 
ceding discussion should get you started in using it. This clock does not stop 
when the cassette recorder is running. 


*PRINT TIME 


Generating Musical Notes 


The TRS-80 does not have built-in capability to generate musical tones, but 
implementation of tones is a rather simple matter. Low tones can be generated 
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Figure 13-5. Stereo headphone circuit 
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with BASIC. Before you start, connect a pair of stereo headphones to the 8255, 
as shown in Figure 13-5. The 500 ohm resistor is necessary to protect the 8255. 

If a pure musical tone is converted to electrical impulses and examined on an 
oscilloscope, it takes the form of a sine wave, as shown at the top of Figure 
13-6. It is possible to generate a close approximation of a sine wave with a digi- 
tal-to-analog converter, as shown in Chapter 11, but you will work with a 
square wave, as shown at the bottom of Figure 13-6. Square wave generation is 
very easy. You simply raise the output level of an 8255 port bit to +5 volts, 
wait the proper time, lower the output voltage to 0 volts, wait the same time, 
and repeat the process again and again. The result is a tone which sounds to me 
a great deal like a clarinet. 


SINE WAVE 


SQUARE WAVE 


Figure 13-6. Sine wave and square wave 


The following program generates a low-frequency audio tone: 
10 REM BASIC LANGUAGE TONE GENERATOR 


20 OUT 236,16 *SET UP TRS-80 PORT 
30 OUT 3,146 8255 A,B IN, C OUT 
40 FOR B=1 TO 100 *OUTER LOOP 

50 FOR C=1 TO 1:NEXT C *DELAY LOOP 

60 IF A=0 THEN A=255 ELSE A=0 *FLIP PORT C BITS 
70 OUT 2,A *OUTPUT DATA 

80 NEXT B "END LOOP 


Run the program, and you hear a low-pitched roar from the headphones. 

Lines 20 and 30 are well known by now. Line 40 starts a loop which deter- 
mines the length of the tone to be generated. Line 50 puts ina slight delay. This 
line is included to make the BASIC program similar to the machine-language 
one which follows. 

Line 60 is the one which generates the data to be used for pulses. It says, ‘‘if 
variable A is now 0, change it to 255. If it is not 0, change it to 0.’’ You want to 
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make all the bits of port C of the 8255 1 and 0 alternately to generate a square 
wave. Line 60 accomplishes that goal. If A is not 0 or 255 to begin with, line 60 
changes it to 0 and then alternates 255 and 0 again and again. Finally, line 70 
outputs the data to port C, and line 80 ends the loop begun in line 40. 

The tone is low because BASIC is slow. It takes a fair amount of time for 
the BASIC interpreter to accomplish its work, and that makes the delay be- 
tween pulse changes rather long. You can increase the pitch slightly by 
removing line 50. 

A machine-language program that generates higher tones is listed next: 


10 REM MACHINE LANGUAGE TONE GENERATOR PROGRAM 

20 REM NEXT LINE READS IN MACHINE LANGUAGE 

30 FOR I=32001 TO 32017:READ A:POKE I,A:NEXT I 

40 OUT 236,16 *SET UP TRS-80 PORT 
50 OUT 3,146 *8255 A,B IN, C OUT 
60 POKE 16526,1:POKE 16527,125:A = USR(0) *TONE! 

70 REM NEXT LINES CONTAIN MACHINE LANGUAGE DATA 

80 DATA 6,255,14,100,13,194,5,125,238 

90 DATA 255,211,2,5,194,3,125,201 


Set memory size to 32000, type in the program, and save it immediately. 
When you run the program, you hear a short burst of tone through the head- 
phones. The tone is controlled by the value in memory location 32004 of the 
machine-language program. That is 100, the fourth value in line 80. You can 
obtain various musical notes by using the following values in location 32004: 


Value in 
Location Desired Generated 
Note 32004 Frequency Frequency 
A 162 440 439 
B flat 153 466 465 
B 144 494 494 
Cc 136 523 522 
D flat 128 554 553 
D 121 587 585 
E flat 114 622 620 
E 107 659 659 
F 101 698 698 
G flat 95 740 740 
G 90 784 780 
A flat 85 831 825 
A 719 880 886 


Most of the tones are rather close to the desired value; certainly they are 
close enough for many musical purposes. You can have much more accurate 
tones by using two nested loops, rather than one, to generate the delay for the 
tones. You may notice that the tones are somewhat garbled. This is due to the 
interrupts used in the operation of the real-time clock. You can eliminate this 
by adding a line: 55 OUT 224,0. This stops the interrupts and eliminates the 
harsh sound. It may also prevent proper cassette recorder operation thereaf- 
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ter, so be certain to make a copy of the program on tape before you run the 
program. I used OUT 224,0 in measurement of the tones listed in this chapter. 

Line 30 takes the machine-language values from the DATA statements and 
puts them into memory locations 32001 through 32017. Lines 40 and 50 are 
familiar. Line 60 jumps to the machine-language program which generates 
the tone. 

The machine-language program is listed next: 

Location Hex Code Symbol 


32001 06 FF LD B,255 
32003 OE 64 LD C,100 
32005 0D DEC C 
32006 C2 05 7D JP NZ,32005 
32009 EE. FF XOR 255 
32011 D3 02 OUT (2),A 
32013 05 DEC B 
32014 C2 03 7D JP NZ,32003 
32017 C9 RET 


Refer to the drawing of the memories of the Z80 in Figure 12-5 of the last 
chapter. To make the machine-language program clearer, the following listing 
gives its BASIC equivalent. 


BASIC Machine 
40 FOR B=1 TO 255 32001 LD B,255 
50 FOR C=1 TO 100: 32003 LD C,100 
NEXT C 32005 DEC C 
32006 JP NZ,32005 
60 IF A=0 THEN A= 32009 XOR 255 
255 ELSE A=0 
70 OUT 2,A 32011 OUT (2),A 
80 NEXT B 32013 DEC B 
32014 JP NZ,32003 
(90 RETURN) 32017 RET 


In the instruction LD B,255, register B of the Z80 is loaded with 255. Regis- 
ter B holds the duration of the tone. In the next line, LD C,100, register C is 
loaded with 100, or whatever value is needed to generate the delay in the tone. 

The next two lines, DEC C and JP NZ,32005 complete the inner, frequency 
loop. It is easier in machine language to start with the largest value in a loop 
and decrease it gradually to 0. DEC C lowers the value in register C by 1. JP 
NZ,32005 says, ‘‘if the value in register C is not 0 (NZ), jump to 32005.’’ That 
keeps the loop going until C becomes 0. As a result, it counts down from 100. 
When C becomes 0, it does not jump, but proceeds on to the next line. A loop 
in machine language looks like this: 


32003 LD C,100 
32005 DEC C 
32006 JP NZ,32005 


In such a loop, the larger the number loaded into C, the more time that is 
wasted in the loop, the longer the delay, the lower the pitch of the tone. The 
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value in C is the one that is stored in memory location 32004, which may be 
used to change the tone. 

The BASIC statement IF A=0 THEN A=255 ELSE A=0 translates 
roughly into the 2-byte machine-language statement XOR 255. XOR stands 
for ‘‘exclusive-or.’? XOR 255 compares the A register of the Z80 with the bit 
pattern 1111 1111. The result of XOR 255 is that all the bits of the A register 
are inverted from 0 to 1, or from 1 to 0. The results for individual bits of exclu- 
sive-or comparisons are as follows: 

A register Comparison 


bit bit Result 
0 0 0 

1 0 1 

0 1 1 

1 1 0 


If one and only one of the two bits being compared is 1, the result of the 
comparison, in the A register, is 1. Otherwise it is 0. The comparison bit, in the 
machine-language program, is always 1. If the bit in the A register is 0, com- 
bining that in an exclusive-or with 1 leads to 1. If the A register bit is 1, the 
combination with 1 leads to 0. 

The net result is that all the bits in the A register are flipped each time the 
Z80 finishes with the register C loop. XOR is useful, mainly for toggling de- 
vices on and off in this way. 

The next instruction, OUT (2),A is the same as the BASIC statement OUT 
2,A. Finally, DEC B and JP NZ,32003 finish up the outer loop. The value in 
register B of the Z80 is decreased by 1, and if the result is not 0, the program 
jumps to memory location 32003 and keeps it up. Loop B sets the length of the 
tone. It is needed to provide the duration of the tone. 

You could play tunes rather easily by POKEing the values found in the fre- 
quency table into memory location 32004 to change the tone. Assume that you 
want to play a chromatic or half-note scale, starting at A, and going up to 
A-flat. You could do this by POKEing the values 162, 153, 144, and so on into 
location 32004. An interesting way to do this is through the use of a little math- 
ematics. A program that does the job is shown next: 


10 REM CHROMATIC SCALE PROGRAM 
20 REM NEXT LINE READS IN MACHINE LANGUAGE 
30 FOR I1=32001 TO 32017:READ A:POKE I,A:NEXT I 


40 OUT 236,16 *SET UP TRS-80 PORT 
50 OUT 3,146 8255 A,B IN, C OUT 
60 OUT 224,0 *TURN OFF CLOCK 
70 FORI=1TO11 *SCALE LIMITS 

80 A=1.05946t(I — 1) *>GET DIVISOR 

90 T=INT(162/A) ’>GET POKE VALUE 
100 POKE 32004,T *POKE VALUE 

110 POKE 16526,1:POKE 16527,125:A = USR(0) "TONE! 

120 NEXT I ’7END SCALE LOOP 


130 REM NEXT LINES CONTAIN MACHINE LANGUAGE DATA 
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140 DATA 6,255,14,100,13,194,5,125,238 
150 DATA 255,211,2,5,194,3,125,201 


This program is almost identical to the last one. Notice, however, that the 
values needed in location 32004 for the tones are not stored directly anywhere 
in DATA statements. Instead, a mathematical approach is used. 

The chromatic, or half-tone, musical scale is derived from the multiplica- 
tion of the frequency of the last note in the scale by 1.05946. The value 1.05946 
is the twelfth root of 2. If you start with A, with a frequency of 440 hertz, and 
multiply by 1.05946, you get 466.16, which is B-flat. Multiplying 466.16 by 
1.05946 results in 494, or B, and so on. The desired frequency is 440 times 
1.05946 to the proper power. 

The program uses this mathematical relationship. You know that a value of 
162 must be POKEd into location 32004 to generate 440 hertz, or A. This value 
is then manipulated by the program. In line 80, the proper power of 1.05946 is 
obtained; the power needed is one less than the loop value. In line 90, the value 
needed to be POKEd into location 32004 is obtained. It is necessary to divide, 
rather than multiply, since the tone frequency increases as the number de- 
creases. INT is used to make certain that the resulting value is an integer. The 
number is then POKEd into location 32004, and the machine-language routine 
is run. The FOR-NEXT loop simply controls the cycling of the values. 


Chapter 14 

Build Your Own Computer 
Part I: 

Programming an EPROM 


One OF THE MOST FASCINATING USES of a TRS-80 is building another com- 
puter. That sounds a bit like science fiction—like a robot begetting another 
robot. But it is very easy to make a small computer, one which has a great 
deal in common with the TRS-80. The small computer that will be described 
in the next chapter uses the Z80 and the 8255 that you have been using. Con- 
sequently, the techniques that you have learned work well with this miniature 
computer. 

Why would anyone want a small computer? They are terribly useful de- 
vices. You can build the computer I am about to describe for about 30 dollars 
if you do not care about elegance. It can serve as a burglar alarm, a timer, a 
Morse code keyboard, a counter, a modem, a serial printer interface for your 
computer, an interrupt handler, a Selectric or daisy wheel printer interface, a 
control system for an amateur radio repeater, a washing machine controller, 
and on and on. You could do many of these tasks with discrete, digital logic, 
but often it is easier and cheaper to use the small computer. Many times, a 
simple program change gives the computer a totally different personality, 
without any change in wiring. 

This tiny computer does not have a keyboard, video display, or cassette in- 
terface, and it has to be programmed in machine language. It is such a flexi- 
ble, useful device, however, that once you understand it, you will find it 
invaluable. 
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Overview of the Small Computer 


The description of the computer in the next chapter is reduced to absolute 
essentials. A general diagram of the unit is shown in Figure 14-1. Note the 
Z80A computer chip. The Z80A is the same as the Z80 used in the TRS-80 ex- 
cept for its speed. The Z80A is a faster chip. The difference in price is insig- 
nificant—both cost about 10 dollars. The Z80A connects to an 8255, which 
provides the connection to the outside world. The oscillator is a 1 megahertz 
to 4 megahertz oscillator, which the Z80 needs to function. 

The TRS-80 has several ROMs in it. The ROMs in microcomputers are gen- 
erally not changeable in any way. There is a type of ROM which can be erased 
and programmed, called erasable, programmable read-only memory 
(EPROM). The most popular EPROM seems to be the 2716. It is relatively 
easy to program, and if a mistake is made, the 2716 can be erased with ultravi- 
olet light. 

Notice that no RAM is shown in Figure 14-1. The Z80 has enough internal 
registers that additional RAM is not needed for simple tasks, such as the ones 
you will be doing. 

If you have followed the experiments to this point, you already have 90 per- 
cent of an EPROM programmer. The 8255 prototyping board functions beau- 
tifully as an EPROM programmer, with the addition of a small power supply. 
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Figure 14-1. General diagram of small computer 





The 2716 


The 2716 is manufactured by Intel, National Semiconductor, and several 
other companies. If possible, when you buy one, get a unit with a clear window 
in it, so that you can see the inner workings. Looked at under a magnifying 
glass or microscope, the inside of the chip looks like the map of a very large 
and very orderly city. The 2716 needs only a 5 volt power supply for normal 
operation. There is a version of the 2716 that needs several voltages to operate. 
Be careful not to buy one of those. The 2716 holds 2048 bytes, enough for sim- 
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ple uses, and costs about 6 dollars. It is described fully in the Intel Component 
Data Catalog. Larger EPROMS like the 2732 and the 2764 are rather expensive 
at the moment. There is a permanent ROM available with identical pin con- 
nections, should you want to use the small computer for production units. 


+5V 


PROGRAMMING VOLTAGE 


ADDRESS 
LINES 


CHIP ENABLE / PROGRAM 


OUTPUT ENABLE 





Figure 14-2. Pin diagram of 2716 


The pin diagram of the unit, grouped by function for better understanding, 
is shown in Figure 14-2. The 2716 is a rather simple unit in a 24-pin DIP pack- 
age. The power connections are standard, at pins 24 and 12. The address lines, 
AO through A10, are connected to the address lines of the computer and select 
the proper byte of the ROM at the proper time. Eleven address lines allow se- 
lection of 2048 bytes. Data to and from the 2716 is placed on the data lines, DO 
through D7. The connections to the computer of the 2716 and the 8255 are 
very similar. 

Three additional pins, CE*/PGM, Vpp, and OE*, are crucial in program- 
ming the 2716. CE*/PGM in normal operation of the unit functions like CS* 
of the 8255. This pin and the other two have special functions during the pro- 
gramming process. 

When the unit is programmed, a charge of relatively high voltage is placed 
in the proper location of the 2716 for each bit of each word. The charge will 
last for 20 years or so if the unit is protected from bright light. You can remove 
the charge from all bits by exposing the 2716 chip, through the quartz window 
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on top, to ultraviolet light of the proper type for about an hour. The higher en- 
ergy of the ultraviolet light destroys the high-voltage charge, thus erasing the 
EPROM. Technical details of the operation of the device are found in the Intel 
Semiconductor Memory Book. 

In programming a 2716, the OE* (output enable) pin is set at 5 volts, and 
+ 25 volts is placed on Vpp, the programming voltage pin. The desired address 
is latched on the chip address lines, the data on the data lines. When everything 
has stabilized, the CE*/PGM pin (chip enable/program) is moved from 0 
volts to 5 volts for 50 milliseconds and then is moved back. That action pro- 
grams one byte. This sequence of events must be repeated for each byte, and 
the + 25 volts on Vpp must be removed when all bytes are programmed. The 
25 volts must not be allowed to remain on the chip during normal operation. 
Vpp should be 5 volts at all other times. 

You should study the section on the 2716 in the Intel Component Data Cata- 
log, because the proper sequence of events is critical. One false step, and the 
2716 is dead. I have burned out many of them by inattention. (See Photo 14-1.) 

Reading the 2716 is a simple matter. The device is read like any ordinary 
ROM. The address is placed on the 2716 address lines, and OE* and 
CE*/PGM are made low. Vpp is at 5 volts. The desired byte appears on the 
data lines. 





Photo 14-1. Dead EPROMs 
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Erasing the 2716 


Erasing the 2716 is easy, once the proper equipment is obtained. You can 
buy a simple EPROM eraser for about 50 to 100 dollars. This is the simplest 
and safest solution to the problem. I, however, hate to spend money, so I 
bought a Sylvania G15T8 germicidal lamp for 18 dollars. To use it, you mount 
it in a desk fluorescent lamp, put the EPROM to be erased about an inch 
below it, and expose the EPROM to the light for about an hour. This process 
sets all bytes in the EPROM to 255. A photograph of my EPROM erasing 
setup is shown in Photo 14-2. 





Photo 14-2. EPROM erasing setup 


Do not, under any circumstances, look directly at this lamp! The strong ul- 
traviolet light will harm your eyes. Commercial erasers are better because the 
light cannot escape as it can with the simple system I use. Be careful not to let 
the light shine on programmed EPROMS in another part of the room, for it 
may erase them. Remember that 2716s are MOS devices and can be destroyed 
by static electricity, just like the 8255 and 8253. 

An inexpensive EPROM eraser appeared in the April 1980 issue of BYTE 
magazine. It used an F6T5/BLB ultraviolet light. I built it when I was first 
working with EPROMs and discovered that the 2716s did not erase. As it turns 
out, the F6TS/BLB has a special coating on it so that it does not hurt your 
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Figure 14-3. EPROM programmer circuit 


eyes. Unfortunately, the shorter ultraviolet rays that the coating removes are 
precisely the ones that erase the 2716s. The F6T5/BLB would not erase a 2716 
in 30 years, much less 30 minutes. Be sure to use a germicidal lamp. They are 
easily identifiable because they are clear glass and have no coating at all. 

The data sheets on EPROMs generally specify exposing the EPROM to a 
light of 2537 angstroms for about 20 minutes. Erasure may take a good deal 
longer; some say as much as four hours. Checking erasure is fairly simple. You 
read the EPROM, and if all the bytes are 255, you can assume that it is proper- 
ly erased. 


A Circuit for a 2716 Programmer 


A circuit which allows programming of the first 256 bytes of a 2716 is shown 
in Figure 14-3. Port A of the 8255 is used to provide the data to the 2716, while 
port B provides the lowest eight bits of the address. Bit 7 of port C provides the 
programming pulse needed. A photograph of the programming setup is shown 
in Photo 14-3. Only the lowest 256 bytes of the 2716 may be programmed with 
this unit, as shown. This is sufficient for your purposes. To program the entire 
EPROM, however, you can connect lines A8, A9, and A10 of the 2716 to port 
C connections CO, C1, and C2, as shown in the dotted lines. The TRS-80 pro- 
gram needed to program the EPROM, however, is more complicated. 
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Photo 14-3. EPROM programmer 


Pull-up resistors may be needed on the data lines of the 2716. I have built 
the circuit several times without pull-up resistors, and the result seems to be 
the same. 

The OE* connection (pin 20) of the 2716 is arranged so that it can be 
grounded or connected to +5 volts. This may be achieved simply by plugging 
a wire into 5 volts or 0 volts on the prototyping board. You must be careful 
with this connection. If the 8255 is set up so that port A is used for output, as it 
will be during programming and immediately after programming is complet- 
ed, and the data line outputs on the 2716 are enabled by grounding OE*, a 
conflict between the two devices occurs. Both are trying to output data at the 
same time. I suspect that the 8255 would win the struggle, and the 2716 would 
burn out. A similar condition may arise when the 8255 is first turned on. Some 
of the ports seem to initialize themselves as outputs. Consequently, it is wise to 
enable outputs on the 2716 only when reading the chip. 

The programming voltage, Vpp, is applied to pin 21 of the 2716. It is impor- 
tant that this voltage be + 5 volts at all times, except when actual programming 
occurs. The folklore on the 2716 implies that the voltage should not be allowed 
to drop to 0. Consequently, the silicon diode maintains the voltage at nearly 
+5 volts. When a higher voltage is applied by the switch for programming 
purposes, the diode is reverse-biased, and no longer conducts, allowing the 
voltage to increase. 
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I connect an indicator light to pin 18 of the 2716 so that I can observe the ac- 
tion of the programming pulse. You can use one of the lights already on the 
prototyping board. 


The Vpp Power Source 


The 25 volts used for Vpp on pin 21 should be supplied from a good, stable 
source. One paper on programming EPROMS suggests using three 9 volt bat- 
teries and a few diodes to obtain the needed 25 volts. I have tried this and the 
voltage was closer to 29, even with the voltage-dropping diodes. This voltage is 
far too high and surely would destroy the 2716. Carbon-zinc batteries do not 
provide good regulation. 

The circuit shown in Figure 14-3 provides one luxury in the form of an on- 
board, regulated, 25 volt power supply. The regulated supply uses an LM317 
voltage regulator, a variable resistor, and a few other components. Hook it up 
as shown in the circuit diagram. The voltage output of the LM317 is controlled 
by the 5k ohm variable resistor. The regulation is excellent. 

Notice that the mounting tab on the LM317 is not connected to ground as it 
is with the LM309, so do not ground it. The input and output 1 microfarad ca- 
pacitors are good insurance and should be included to prevent oscillation. 

Power for the LM317 can be obtained from a laboratory supply or from four 
9 volt batteries connected in series. The second method is less expensive. The 
2716 draws only 5 milliamperes through Vpp normally, rising to 30 milliamperes 
during the programming pulse, so the 9 volt batteries should work well. 

Believe it or not, the reason that I destroyed so many 2716s was a deficiency 
in the rather elaborate laboratory power supply that I used. It seems necessary 
to have a stiff, stable 25 volt power source near the 2716 for best results. The 
LM317 regulator provides this. 

The 2716 seems to program decently at somewhat lower voltages than the 
nominal 25 volts. I have been successful with the units at 23 volts and I normal- 
ly use 24 volts. Programming is not as complete at such voltages, but the risk 
of damaging the 2716 is not as great. 


A Program to Read 2716s 


The following program allows you to read any of the first 256 bytes (0 
through 255) of the 2716. 
10 REM EPROM READER PROGRAM 


20 DEFINT A-Z 7ALL VARS INTEGER 
30 OUT 236,16 *SET UP TRS-80 PORT 
40 OUT 3,144 8255 A IN, B,C OUT 
50 OUT 2,0 *CLEAR PORT C 

60 PRINT “ENABLE OUTPUTS.” 

70 INPUT “LIST LIMITS’’;L,U *GET RANGE 

80 FORI=LTOU *>READ LOOP BEGINS 


90 OUT 1,I *SET UP ADDRESS 
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100 PRINT I,INP(O) *PRINT ADDR CONTENTS 
110 NEXT I "END READ LOOP 

120 PRINT “‘DISABLE OUTPUTS”’ 

130 END 


Line 20 makes all variables integers, to save storage. Line 40 makes port A 
of the 8255 an input to read the data, while ports B and C are set up as outputs. 
Line 50 makes CE*/PGM low so the data can be read. Line 60 instructs the 
operator to make OE* low to enable the outputs. With this system, there is no 
ambiguity about enabling the outputs. Line 70 asks for the limits to be read. 
To read locations 0 to 50 of the EPROM, answer 0,50. 

The loop in lines 80 to 110 puts the address on the 8255 port B lines in line 90 
and then inputs and prints the data in line 100. Line 120 reminds you to disable 
the outputs on the 2716 to be on the safe side. 

If you have a 2716 and the components for the EPROM programmer shown 
in Figure 14-3, connect all the components and try to read the contents of the 
EPROM. You should find that all locations in the unit are set to 255. If they 
are not, either the EPROM already contains a program, or further erasure is 
needed. It is difficult to harm a 2716 with the program just listed, especially if 
you follow the instructions about enabling the outputs. 


A Program to Write 2716s 


A similar program, which allows placing of information in the 2716, 
follows: 
200 REM 2716 EPROM WRITER PROGRAM 


210 DEFINT A-Z ’ALL VARS INTEGER 
220 OUT 236,16 *SET UP TRS-80 PORT 
230 OUT 3,128 8255 ALL OUTPUTS 
240 OUT 2,0 *CLEAR PORT C 


250 PRINT ‘“‘TURN ON HIGH VOLTAGE. PUSH G TO GO!”’ 
260 IF INKEY$= ‘‘G’’ THEN 270 ELSE 260 ’WAIT FOR G 


270 FOR I=0 TO 22 *BEGIN WRITING LOOP 
280 READ A *>GET VALUE FROM DATA 
290 OUT 0,A *DATA TO PORT A 

300 PRINT I,A *SHOW DATA ON SCREEN 
310 OUT 1,1 "ADDRESS TO PORT B 

320 OUT 3,15:FOR Il=1 TO 11:NEXT II:OUT 3,14’ZAP 

330 NEXT I *>END WRITING LOOP 


340 PRINT ‘REMOVE PROGRAMMING VOLTAGE” 

350 REM NEXT LINES CONTAIN MACHINE LANGUAGE PGM 

360 DATA 62,153,211,3,6,255,14,255,13,194,8,0 

370 DATA 5,194,6,0,238,255,211,1,195,4,0 

You can load this program at the same time as the 2716 reader program and 

run it with a RUN 200 command. The program is not as complicated as it ap- 
pears. Lines 210 through 240 follow the usual pattern of setting things up. Line 
230 makes the 8255 all outputs, and line 240 makes certain that the program- 
ming pulse connnection is low. 
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Line 250 instructs the operator to connect the high voltage, the 25 volt Vpp, 
to the 2716. At this point, you connect pin 21 to the high-voltage source. Be 
certain that the outputs are disabled; that is, that pin 20 (OE*) is not grounded 
at this point. Line 260 uses the INKEY$ function to wait for the letter G. When 
Gis pressed, the program jumps to line 270; without G, the program remains 
looping through line 260. 

Lines 270 through 330 do the programming. The range of addresses to be 
programmed is placed in line 270. It is important to keep in mind that the Z80 
starts looking for instructions at memory location 0, not memory location 1. It 
is easy to get that wrong, since most FOR-NEXT loops begin at 1. 

Line 280 reads the first machine-language value from the DATA statements 
beginning in lines 350. The program there blinks a light on the computer you 
will build in the next chapter. 

Line 290 latches the data in port A of the 8255, and line 300 prints it on the 
screen. This gives you visual confirmation that the program is working. Line 
310 then puts the address on the 2716. 

The actual programming of the 2716 occurs in line 320. CE*/PGM is made 
high with the OUT 3,15 statement. The FOR-NEXT loop provides a delay of 
almost exactly 50 milliseconds, yielding the programming pulse. OUT 3,14 re- 
duces the voltage on CE*/PGM to 0 volts again. Making CE*/PGM high for 
50 milliseconds causes the programming process to occur. The 50 millisecond 
timing is critical. If it is too short, the 2716 is not properly programmed, and if 
it is too long the unit overheats and is destroyed. 

Type line 320 exactly as shown. Do not put it on separate lines, for this in- 
creases the delay. If a means of measuring the duration of the programming 
pulse is available (such as a calibrated oscilloscope), it is wise to check it. You 
can program the delay into a machine-language routine. Machine-language 
programs are not subject to the time distortions found with BASIC. The DE- 
LAY machine-language routine built into the TRS-80 at memory location 96 
works well for this purpose. It is described in the TRS-80 operating manual. I 
have used line 320 of the present program to do the job many times, and it 
works well. 

Line 330 tidies up the loop, and line 340 reminds the operator to remove the 
programming voltage. This is extremely important. If the programming volt- 
age is left on too long, or under improper conditions, the 2716 will be 
destroyed. 

Before trying anything, triple-check your connections, the voltages, and the 
program. It is wise to run the program without the 2716 in the socket and with 
an indicator light connected to the CE*/PGM connection of the IC to verify 
operation of the programming pulses. 

Check the EPROM with the previous EPROM reader program to be certain 
that it is properly erased. If it is, be sure the outputs are disabled on the 2716. 
Run the EPROM writer program. Apply the 25 volts only when it is asked for. 
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When you press G, the machine-language program appears rapidly on the 
screen. The indicator light connected to CE*/PGM should blink rapidly. 
When programming is over, be sure to remove the +25 volts. 

If all has gone properly, when the 2716 is read again, the program should be 
found in it. If there is difficulty, as always check wiring very carefully. 

EPROMs have many possible uses in other situations. They could be used to 
store conversion codes for units or ASCII codes for an ASCII keyboard. Don 
Lancaster suggests in the TTL Cookbook that ROMs be used to simplify solu- 
tion of complex logic problems. That usage is not practical if someone else has 
to program the ROMs, but with your own EPROM programmer, you can 
make a ROM for very little expense, and change it at will. 


Chapter 15 
Build Your Own Computer 
Part II: The Computer Itself 


Once YOU KNOW HOW TO PROGRAM an EPROM, construction of a small 
computer is possible. The circuit diagram of the tiny computer is not a great 
deal more complex than that of the programmer used to set up the 2716. Fig- 
ure 14-1, the general outline of the satellite computer, is reproduced as Figure 
15-1. The full circuit for the small computer is shown in Figure 15-2. The total 
cost of parts is about 30 dollars. 

The schematics are similar, but Figure 15-2 has more wires. The 8255 and 
2716 need data lines DO through D7 and some of address lines AO through 
A10. The 8255 needs RD*, WR*, and CS* connections, while the 2716 needs 
a CE*/PGM connection and one connection for output enable (OE*). These 
connections are made directly to the Z80A, generally to wires with the same 
designation. Certain other lines of the Z80A (INT*, NMI*, WAIT*, and 
BUSRQ*) are tied high (+ 5 volts) permanently. They are not used in this un- 
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Figure 15-1. General outline of small computer 
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sophisticated design. Not much memory is employed, so address lines from 
Al12 to A15 are not connected. 

As a result, there are really only two new wires on the Z80A. These are the 
phi ($) input, and the RESET* input. The phi input is the oscillator connec- 
tion shown in the block diagram, and provides a 2 to 4 megahertz square 
wave signal that the Z80A needs to operate. RESET* forces the Z80A to go 
back to memory location 0 and begin execution there. There are other output 
pins on the Z80A, such as WAIT* and BUSAK‘%, that are used for specialized 
purposes. 

A good description of the Z80A is found in the Z80A Technical Manual, 
published by Zilog. Another book on the Z80 is the Z80 Microcomputer 
Handbook, by William Barden Jr. The Blacksburg series of books covers 
many topics about the chip at a more advanced level. A good reference for 
building the computer found in this chapter is Z80 Microcomputer Design 
Projects, also by Barden. He describes a similar, but more sophisticated, 
computer. His descriptions of the operation of the components are much 
more complete than I can provide in a short chapter. 

The circuit connected to the phi input of the Z80A in Figure 15-2 is a simple 
ring oscillator, similar to the one in the TRS-80. This oscillator must provide 
a 2 to 4 megahertz square wave signal at TTL levels for the internal workings 
of the Z80A. 

This oscillator, or clock, has one luxury—it is crystal-controlled. Quartz 
crystals are usually expensive devices, but the one used here, a 3.579545 
megahertz unit, costs about $1.99 at Radio Shack (part #272-1310) and is 
available from other sources. This crystal is designed for use in color televi- 
sion receivers. 

You could use a resistor-capacitor (R-C) oscillator in a unit such as this, but 
the crystal oscillator makes programming much simpler. It provides precisely 
3.579545 megahertz. The Z80A executes most instructions in four cycles of 
this frequency. If you know the basic operating frequency of the unit, you can 
calculate times with great precision. R-C oscillators are unstable units. Even 
with decent parts, the frequency varies widely, in both the long and short 
terms. This is not good for the Z80A, especially when it operates at high 
speeds. If first-rate components are used for an R-C oscillator, it can cost as 
much as the inexpensive crystal unit. If you can afford a special crystal, use a 2 
megahertz crystal, so that it is easier to calculate timings. Even nicer, in some 
ways, would be a 2.02752 megahertz crystal. With that crystal, the tiny com- 
puter would operate at precisely the same speed as the TRS-80. You could test 
all timings on the TRS-80, and they would remain the same on the tiny 
computer. 

I used the 3.579545 megahertz crystal because it is cheap and readily avail- 
able. That frequency is probably a little fast for the primitive construction I 
used in making my little computer. It is close to the 4 megahertz limit for the 
Z80A, but it seems to work well. 
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Figure 15-2. Complete diagram of small computer 
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The oscillator circuit is shown in Figure 15-3. Two sections of a 7404 (or 
74LS04) hex inverter comprise the oscillator itself. The inverters serve as crude 
amplifiers. The output of the rightmost inverter is coupled to the crystal, 
which then couples the signal to the input of the next inverter. The output of 
that one is connected, through the 510-picofarad capacitor, to the input of the 
rightmost inverter. The signal goes round and round the inverters, with the 
frequency controlled by the quartz crystal. The 1k resistors are there to stabi- 
lize things, and the 7404 inverter on the left isolates the oscillator from the 
computer. The 330 ohm resistor at the output of the circuit is used to meet the 
requirements listed in the Z80A Technical Manual. | did not include that resis- 
tor in my small computer, but it still works fine. Inclusion of the resistor is 
probably good practice anyway. 

I had more trouble getting this oscillator circuit to function properly than 
any other single feature of the unit. Crystal oscillators have a tendency to oscil- 
late at harmonics, or overtones, of their fundamental frequencies. My 
3.579545 crystal at first oscillated at 10.738635 megahertz, three times as high 
as the desired frequency. When you test the small computer, begin by using a 
frequency counter to check the frequency of oscillation of the phi signal. If 
there is third-overtone oscillation, change the value of the 510-picofarad ca- 
pacitor or of the 1k resistors until proper operation is obtained. 
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Figure 15-3. Clock circuit 


The Reset Circuit 


Pin 26 of the Z80A is designated RESET*. If this pin is grounded momen- 
tarily, the chip is cleared, and internal program execution begins again at 
memory location 0. You want to make certain that the chip is reset when the 
computer is first turned on. The purpose of the reset circuitry (Figure 15-4) is 
to make sure that a proper reset occurs. The circuit consists of a simple R-C 
network. When the computer is turned off, the charge across the 10 microfar- 
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ad capacitor drains off. When the power is turned on, the voltage across the 
capacitor starts at 0 and slowly builds up. The Z80A thinks at first that the RE- 
SET* pin is grounded. When the voltage rises to a sufficiently high value, the 
chip assumes that the ground has been removed and resets everything. You can 
reset at any time by grounding the RESET* pin. 

This is a crude means of doing the job, but it works. The unit is not available 
for a brief period when it is turned on. The values of the components used are 
not critical. Electrolytic capacitors have very wide tolerances and may vary 
from minus 20 percent to plus 100 percent of the value specified on them. 





Figure 15-4. Reset circuit 


Selecting the Devices 


A means must be provided for the Z80A to access the 2716 and the 8255 at 
the proper time. The scheme shown in Figure 15-2 is perhaps the simplest pos- 
sible arrangement. 

The 8255 is selected by its CS* lead, pin 6. Notice that this pin is connected 
to the lead marked IORQ* on the Z80A. IORQ* means ‘‘input/output re- 
quest.’’ The Z80A allows addressing input/output devices separately from the 
computer’s memory. When IORQ* goes low, this tells devices connected to 
the Z80A that the CPU is doing input/output. At that time, the 8255 goes into 
action. Simultaneously, either RD* or WR* goes low to indicate the direction 
of data flow. Both the Z80A and the 8255 have these connections. The port ad- 
dresses of the 8255 are 0 through 3, although, since no decoding is used, port A 
could be addressed as 0, 4, 8 and so on, through 252; port B as 1, 5, 10, and so 
on, through 253. 

The 2716 is selected in a similar fashion. It has a CE*, or ‘‘chip enable,”’ 
connection (pin 18), which is similar in purpose to the 8255 CS*. When the 
Z80A wants to talk to its memory, it forces a signal low called MREQ* (pin 
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19), which means “‘memory request.”’ This signifies that the chip is going to 
use memory. There is only one type of memory in this system, the 2716, so se- 
lection is simplified a great deal. If the Z80A wants to use memory, it must talk 
to the 2716 or nothing at all, so only the MREQ* to CE* connection is needed. 

What about the RD* signal? Whenever memory is addressed in Figure 15-2, 
it can only be read, making things very easy. RD* could be connected to OE* 
of the 2716, but there is a better way. 

If you eventually want to add some RAM, it would be nice to have some ad- 
dress decoding for the various types of memory. If MREQ* is used as the only 
signal when memory is requested, the whole memory map from locations 0 to 
65535 is taken up by the 2716. One way around this is by connecting address 
line 11 from the Z80A to the OE* of the 2716. This activates the 2716 only 
when the lower 2048 bytes of memory are addressed. The rest of the memory 
map is free for other devices to use. You could then use proper decoding proce- 
dures to place RAM where you want it. Consequently, All is connected to 
OE*, rather than RD*. 





Photo 15-1. Top view 


Construction of the Satellite Computer 


It is possible to build the EPROM programmer and the small computer on 
the same prototyping board. You have to use a compact layout and make the 
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wires as short as possible. The prototyping board, however, provides excellent 
layout, and an excellent ground plane for this sort of application. 

I built my small computer for a specific, dedicated purpose, and I did not 
want to tie up the prototying board permanently. Consequently, I built the 
unit on a small piece of perf-board, about 5-by-7 inches in size. A top view of 
the small computer is shown in Photo 15-1; a bottom view is shown in Photo 
15-2. The ribbon cable is for my specialized application; you will not need it. 

Wire-wrap construction is used, and unless you are very careful with wire- 
wrap, it winds up looking like a rat’s nest. The peculiar-looking connectors 
near the edges of the board are wire-wrap IC sockets that have been sawed into 
smaller sections. They make very usable connections between the wire-wrap 
and the external world and they are inexpensive. For the fastidious, much 
more expensive, commercial versions are available. 





Photo 15-2. Bottom view 


It is important to provide good ground and +5 volt connections for the 
power supply leads. Figure 15-5 shows the general orientation of these leads. I 
attempted to have a fairly heavy power wire of each polarity near each of the 
three major integrated circuits. I used 0.02 to 0.1 microfarad bypass capacitors 
at the top and bottom of each lead to suppress unwanted oscillations and tran- 
sients. I placed a 1 microfarad tantalum capacitor across the power leads at the 
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Figure 15-5. Power leads 


top of the Z80A to keep power spikes away from the Z80A itself. Wherever 
possible, I soldered heavy power wires for the integrated circuits directly to the 
base of the wire-wrap pins. This takes a deft touch. If you are not careful, you 
will spread solder up the length of the pin, making it useless for wrapping. I 
also soldered discrete components, such as those used in the oscillator circuit, 
to the base of the wire-wrap pins. 

The wire-wrap process itself can be done using the Just-Wrap devices made 
by OK Products; Radio Shack sells units that are almost identical. The tool 
used for this purpose slits the insulation on the wire and wraps it at the same 
time, making the process quick. Be certain to check each wire-wrap connection 
with an ohmmeter as you install it. These devices do not always make a good 
connection, no matter how carefully they are wrapped. 

With a great deal of patience, it is possible to make a printed circuit board 
for this project. I suspect that it would have to be a double-sided board, how- 
ever, for there are many connections. John Bell Engineering sells a printed cir- 
cuit board for a computer of this type. This board uses the Z80A PIO rather 
than the 8255. As a result, you would have to change the programs I am going 
to show in order to use them. 

Be certain to tie the INT*, NMI*, WAIT*, and BUSRQ* lines to +5 volts 
on the Z80A. If you do not, you will get some rather strange effects from your 
tiny computer. Floating input pins on this chip is definitely not a good idea. 
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Input/Output Connections 


The input/output connections to the 8255 are as simple as possible. An indi- 
cator light, identical to those used on the prototyping board, is connected to 
bit 0 of port B. This lets you view output from the unit. 

A switch is connected to bit 0 of port A of the 8255 as the only input device. 
It is pulled up to +5 volts by a 1k ohm resistor. A bounceless push button 
should, of course, be used, but really is not needed for the simple program to 
be shown later in the chapter. 

Notice that port C is not used at all. Port C takes on a special function when 
the 8255 is used to handle interrupts. My use for this small computer requires 
interrupts, so I could not use port C. Ways of using the 8255 in this manner are 
covered fully in the Intel data sheets in Appendix III. 


A Program to Blink the Light 


If you have built the small computer, either on a prototyping board or in 
some other fashion, you are ready to begin using it. The programs here let you 
use the tiny computer without great knowledge of machine language, and they 
produce clearly observable effects. 

The first program blinks the light connected to bit 0 of port B. If you have 
used the EPROM program in the last chapter, the program is already in the 
EPROM. In other words, the program in the DATA statements in lines 360 
and 370 of the writing program of the last chapter was the light-blinking 
program. 

The light-blinking program is similar to the machine-language musical tone 
program shown in Chapter 13. It uses the same nested loop technique. The fol- 
lowing listing shows the program in machine language: 


Location Hex Code Symbol 


00000 3E 99 LD A,153 
00002 D3 03 OUT (3),A 
00004 06 FF LD B,255 
00006 OE FF LD C,255 
00008 0D DECC 
00009 C2 08 00 JP NZ,0008 
00012 05 DEC B 
00013 C2 06 00 JP NZ,0006 
00016 EE FF XOR 255 
00018 D3 01 OUT (1),A 


00020 C3 04 00 JP 0004 


The small computer cannot use BASIC, of course, but a comparison of the 
machine-language program and its BASIC equivalent will help you under- 
stand the operation of the program. 
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BASIC Machine Language 
10 OUT 3,153 00000 LD A,153 
00002 OUT (3),A 
20 FOR B=1 TO 255 00004 ~LD B,255 
30 FOR C=1 TO 255: 00006 LD C,255 
NEXT C 00008 DECC 
00009 JP NZ,00008 
40 NEXT B 00012 DECB 


00013 JP NZ,00006 
50 IF A=0 THEN A=255 00016 XOR 255 


ELSE A=0 
60 OUT 1,A 00018 OUT (1),A 
70 GOTO 20 00020 JP 00004 


Refer to the drawing of the Z80A memories, shown here in Figure 15-6. It is 
the same as Figure 12-5. The first two instructions of the machine-language 
program set up the 8255 so that ports A and C are inputs, and port B is an out- 
put. Register A of the Z80A is loaded with the value 153 decimal (99 hex) in the 
first instruction. In the second instruction, the value in register A is output to 
port location 3, the control register of the 8255. These two machine-language 
instructions are analogous to the BASIC statement OUT 3,153. 





Figure 15-6. Z80 registers 


The next two instructions in the machine-language program set up two 
loops which will be used to provide the delay needed to make the light appear 
to flash. The procedure, as explained in Chapter 13, is directly analogous to 
having two nested FOR-NEXT loops in BASIC. The inner loop looks as 
follows: 


00006 LD C,255 
00008 DECC 
00009 JP NZ,00008 


Register C is loaded with 255, to provide a maximum delay period. In the 
next line, register C is decremented by 1, and in the following line, a test is 
made to see whether the value has yet reached 0. If it is not 0 (NZ), the pro- 
gram jumps back to memory location 8, decrements C again, and keeps this 
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up. When C is no longer NZ, or non-zero, the program falls through to the 
next step. The execution of each instruction uses a precisely specified amount 
of time. 

Surrounding the register C loop is a nearly identical loop involving register 
B. It is a little hard to see that loop in the context of the program, so I will write 
it out separately, as follows: 

00004. LD B,255 
00012. DECB 
00013 JP NZ,00006 


When register C finishes cycling 255 times, register B is decremented by 1, 
and register C starts over. It takes 65025 DEC C instructions before the whole 
process is finished. These are enough instructions to provide a delay long 
enough to make the light blink so that you can see it. 

The next instruction, XOR 255, changes all the values in the A register from 
1 to0 or from Oto 1. This sets up the blink. If a light was on before the XOR, it 
is off after the command is executed. Notice that the XOR is outside the B loop 
in this instance, rather than inside, as was the case with the musical tone pro- 
gram. That is because you want a long delay. OUT (1),A takes the flipped val- 
ue from the A register of the Z80A and outputs it to port B of the 8255, to 
which the indicator light is attached. 

Finally, to keep the light blinking, a jump is made back to memory location 
00004 in the Z80A. This loads the B and C registers again and prepares for an- 
other delay. 

The Z80A program starts at memory location 00000, because the Z80A chip 
always begins execution at that address when it is turned on. 

A listing of the program in decimal is given next. The decimal values are the 
ones found in the EPROM programmer data statements in the last chapter. 


Decimal Hexadecimal Symbol 
62 3E LD A,153 
153 99 
211 D3 OUT (3),A 
3 03 
6 06 LD B,255 
255 FF 
14 OE LD C,255 
255 FF 
13 0D DEC C 
194 G2 JP NZ,00008 
8 08 
0 00 
5 05 DEC B 
194 C2 JP NZ,00006 
6 06 
0 00 


238 EE XOR 255 
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255 FF 

211 D3 OUT (1),A 
1 01 

195 C3 JP 00004 
a 04 
0 00 


Keep in mind that addresses are stored backward with the Z80A. Thus, an 
address of 06 00 hex, in a listing such as the one above, is really 0006. 

A slightly longer delay can be obtained by using the following in the program: 
ing in the program: 

00004 LD B,0 
00006 LD C,0 

Register C is decremented before JP NZ,00008 occurs. If it starts out at 0, 
when it is decremented, it becomes 255. Then, 256 trips through the loop are 
needed to decrement register C to 0. Consequently, a slightly longer delay 
occurs. 

This program may seem trivial, but the tiny computer makes a timer of un- 
paralleled accuracy. The intervals between blinks are set by a quartz crystal 
and can be calculated exactly. You can also devise more elaborate blinking pat- 
terns. If the program is altered properly, the light blinks in ASCII, and the 
small computer, with only a somewhat larger program, can be made into a 
rather elegant terminal tester. You could have it blink up to 24 separate lights 
in very complex patterns. 

If you have programmed the EPROM and built the small computer, plug in 
the EPROM and apply power. The light blinks. You have made a tiny version 
of your TRS-80. If the system does not work, there are many things you must 
check. The EPROM may not be programmed correctly, or the tiny computer 
may be wired incorrectly. Diagnostic procedures in such an elementary system 
are not easy. 


A Program to Control the Light 
With an External Switch 


The following machine-language program allows you to control the light 
connected to 8255 port BO with the switch connected to port AO: 


Location Hex Code Symbol 
00000 3E 99 LD A,153 
00002 D3 03 OUT (3),A 
00004 DB 00 IN A,(0) 
00006 D3 01 OUT (1),A 


00008 C3 04 00 JP 00004 
As with most machine-language programs, a direct comparison with 
BASIC can be made, as shown next: 
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BASIC Machine language 
10 OUT 3,153 00000 LD A,153 
00002 OUT (3),A 
20 A=INP(0) 00004 IN A,(0) 
30 OUT 1,A 00006 OUT (1),A 
40 GOTO 20 00008 JP 00004 


The 8255 is set up with LD A,153 and OUT (3),A. Ports A and C are inputs, 
and Bis an output. Machine language takes two operations to do this, because 
all input/output operations must pass through the A register. 

In the line IN A,(0), a value is taken into the A register from port A of the 
8255. In the next line, the same value is output to port B of the 8255 by OUT 
(1),A. Thus, an 8-bit word is taken in with IN A,(0), and the same 8-bit word is 
immediately put out again through port B with OUT (1),A. Finally, the pro- 
cess is kept up by the jump at the end to location 00004 with JP 00004. 

The EPROM can be programmed with this simple program by putting the 
following DATA statements into the EPROM programmer from Chapter 14, 


360 DATA 62,153,211,3,219 
370 DATA 0,211,1,195,4,0 


The value in the FOR-NEXT loop in line 270 must be changed to 10, since 
the highest location to be programmed is 10. 

If the EPROM is programmed, run the small computer. When the switch is 
open, the light connected to bit 0 of port B is lighted. When the switch is 
closed, the light goes out. 

This again may seem trivial, but an 8-bit word is being taken into the Z80A 
and is being put back out into the real world. The power of the system is that 
the microcomputer chip can do all sorts of wonderful things to these 8 bits 
while it has control over them. It can transform them mathematically, delay 
them, invert them—manipulate them in an almost infinite number of ways. 
The small computer could even be programmed, if you had the patience, to 
deal with situations in BASIC. If you had even more patience, you could make 
your own TRS-80, although it might cost more than the commercial version. 


Chapter 16 
More Projects To Try 


By USING THE CONCEPTS from the previous chapters, you can come up with 
a bewildering set of combinations. You can handle most control jobs by judi- 
cious selection of these circuits and programming concepts. Still, the methods 
mentioned do not exhaust the possibilities. The applications I give in this 
chapter are only suggestions. You are on your own to try them out. 

It would be nice to have RS-232 serial communications capability on the 
TRS-80. It is possible to install an RS-232 board at a cost of about 99 dollars, 
but more or less the same performance is available for about $2.49, the price 
of a TR1602B UART. This component does most of the work in the RS-232 
board. It is a simple matter to put the TR1602B on the prototyping board and 
operate it through the input/output port. All the port addresses should apply. 
You could set the baud rate with a 555 timer. Most of the options used for the 
serial interface—parity, number of stop bits, and so on—tend to remain the 
same for any one user, so that the wide variety of options given by the Radio 
Shack unit would not really be needed. The TR1602B needs several voltages 
to make it work, but there is an almost identical unit that runs from a single 5 
volt supply. You should use that one if you can find it. Making the whole 
thing work together harmoniously would take a very careful reading of the 
Model III service manual, but should not be all that difficult. 

It would also be lovely to connect a speech synthesizer to your TRS-80. Ra- 
dio Shack makes one which works reasonably well. Some semiconductor 
companies offer less expensive speech synthesis systems for around 100 dol- 
lars. One of these is the General Instruments Orator system, and another is 
the National Semiconductor Digitalker. You hook them up to the input/out- 
put port of the TRS-80, and with the proper programming, they talk. I expect 
drops in the cost of such systems. It seems that manufacturers should be able 
to get a synthesizer with a large vocabulary on a single chip at a low price. The 
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possibilities for such a system are impressive. A talking computer could be 
invaluable. 

A similar device is a sound generator IC, such as the General Instruments 
AY-3-8910. Devices such as this are widely used in video games and are re- 
sponsible for the horrible noises that they make! You hook them up to the in- 
put/output port, load the proper internal registers, and the IC makes all sorts 
of sounds. The range of sound is limited only by the imagination. 

If you are a teacher, one possibility you might explore is building a test 
scoring machine—one of those large machines that takes a multiple choice 
answer sheet, reads the answers marked, and grades them for correctness. 
The answer sheets used at Eastern Michigan University have 20 rows of an- 
swers and 1 row of marks indicating the proper time to read an answer. Thus, 
if you had 21 phototransistors of the proper type, you could easily transfer 
the marks from the answer sheet to the TRS-80. Unfortunately, I have not 
found a sufficiently sensitive phototransistor. Such a system requires a photo- 
transistor like those used to read bar codes on packages or one of the sort that 
is found in light pens. With the proper transistors, a test scoring adapter 
could be made for about 50 dollars. 

You could even make your own printer. Modern printers consist mainly of a 
print head with nine wires in it and a motor which drives the print head back 
and forth across the paper. The movement of these is controlled by a micro- 
computer. If you could get a surplus print head and driver motor, making a 
printer would be rather easy. The computer described in the last chapter works 
very well for this job. I suspect, however, that you cannot make such a printer 
that costs less than the commercial units. In short, the possibilities for the 
TRS-80 and microcomputers in general are almost limitless. 


How to Learn Machine Language 


It should be evident to you by this time that a knowledge of machine or as- 
sembly language is a very handy thing to have. It is really no more difficult to 
learn assembly language than it is to learn BASIC. Both require a systematic 
approach and logical thinking. And yet, most of the people I know who own 
microcomputers are terrified of assembly language. 

Part of the reason is that, as in most areas of study, there are not many 
good, understandable books on the topic. Most books on assembly language 
are written at a high level, geared to the reader who already knows the assem- 
bly language of several other computers, large and small. 

A good place to start is TRS-80 Assembly Language Programming, by 
William Barden, Jr. Unfortunately, Radio Shack has replaced T-BUG, the 
machine-language monitor, with DEBUG, a newer version, but you should be 
able to make the transition. The most important thing in learning machine lan- 
guage is to experiment with the instructions in tiny programs, while watching 
the Z80 registers to see what has happened. The book that was of most use to 
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me while learning about the Z80 is Nat Wadsworth’s Z80 Instruction Hand- 
book, published by Scelbi. This book lists all of the instructions in a terse but 
understandable format. I still use it all the time, although the instruction for- 
mat is not quite standard. 

Having an editor/assembler program is not necessary to learn assembly lan- 
guage. It is fun, somehow, to write programs the hard way, without this valu- 
able tool. You learn a great deal about addressing, calculation of addresses, 
and so on. An editor/assembler does increase your productivity many times. It 
handles the difficult and tricky chores for you and is well worth the money. 

When you become somewhat comfortable with machine language, there is a 
wealth of more advanced books that you will find useful. Lance Leventhal’s 
Z80 Assembly-Language Programming has many software examples. My fa- 
vorite source for neat subroutines is Titus, Titus, and Larsen’s 8080/8085 
Software Design. The two volumes of this book contain most of the software 
routines you are likely to need. They are written for the 8080, but the Z80 runs 
8080 programs without any difficulty. 

Enjoy your TRS-80. It is a fun machine, one seemingly designed for the per- 
son who likes to experiment. 
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Data Sheets for the 8255 PPI 
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8255A FUNCTIONAL DESCRIPTION 


General 


The 8255A is a programmable peripheral interface (PP!) 
device designed for use in Intel® microcomputer 
systems. Its function is that of a general purpose I/O 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A is programmed by the system software 
so that normally no external logic is necessary to inter- 
face peripheral devices or structures. 


Data Bus Buffer 


This 3-state bidirectional 8-bit buffer is used to interface 
the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control! Groups. 


(CS) 
Chip Select. A “low” on this input pin enables the com- 
muniction between the 8255A and the CPU. 


(RD) 

Read. A “low” on this input pin enables the 8255A to 
send the data or status information to the CPU on the 
data bus. In essence, it allows the CPU to “read from” 
the 8255A. 


(WR) 
Write. A “low” on this input pin enables the CPU to write 
data or control words into the 8255A. 


(Ao and A,) 


Port Select 0 and Port Select 1. These input signals, in 
conjunction with tne RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (Ag and A)). 





8255A BASIC OPERATION 


INPUT OPERATION (READ) 
PORT A= DATA BUS 

PORT B = DATA BUS 
PORT C= DATA BUS 
OUTPUT OPERATION 
(WRITE) 

DATA BUS = PORTA 
DATA BUS = PORT B 
DATA BUS = PORT C 
DATA BUS = CONTROL ~ 
DISABLE FUNCTION 


DATA BUS = 3-STATE 
ILLEGAL CONDITION 


DATA BUS = 3-STATE 
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Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control! Logic Functions 





(RESET) 


Reset. A “high” on this input clears the control register 
and all ports (A, B, C) are set to the input mode. 


Group A and Group B Controls 

The functional configuration of each port is program- 
med by the systems software. In essence, the CPU “‘out- 
puts” acontrol word to the 8255A. The control word con- 
tains information such as ‘“‘mode”, “bit set’, "bit reset”, 
etc., that initializes the functional configuration of the 
8255A. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A — Port A and Port C upper (C7-C4) 
Control Group B — Port B and Port C lower (C3-CO) 


The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 
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Ports A, B, and C 


The 8255A contains three 8-bit ports (A, B, and C). All 
can be configured in a wide variety of functional charac- 
teristics by the system software but each has its own 
special features or “personality” to further enhance the 
power and flexibility of the 8255A. 


Port A. One 8-bit data output latch/buffer and one 8-bit 
data input latch. 


Port B. One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 


Port C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 
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Figure 4. 8225A Block Diagram Showing Group A and 


Group B Control Functions 
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8255A OPERATIONAL DESCRIPTION 


Mode Selection 


There are three basic modes of operation that can be select- 
ed by the system software: 


Mode 0 — Basic Input/Output 
Mode 1 — Strobed Input/Output 
Mode 2 — Bi-Directional Bus 


When the reset input goes “high” all ports will be set to 
the input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 


The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be ‘‘tailored’”’ to almost any |/O 
structure. For instance; Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu- 
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 
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PORT C (LOWLK) 
1 = INPUT 
0 = OUTPUT 





PORTB 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
0 = MODE 0 
1= MODE 1 


GROUP A 


PORT C (UPPER) 
V INPUT 
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PORTA 
1 INPUT 
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MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1= ACTIVE 
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Figure 6. Mode Definition Format 









The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap- 
proach will surface. The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 


Single Bit Set/Reset Feature 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 








CONTROL WORD 


BIT SET/RESET 
1= SET 
O= RESET 


BIT SELECT 


Figure 7. Bit Set/Reset Format 


Operating Modes 


MODE 0 (Basic Input/Output). This functional configura- 
tion provides simple input and output operations for 
each of the three ports. No “handshaking” is required, 
data is simply written to or read from a specified port. 
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When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 


Interrupt Control Functions 

When the 8255A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt re- 
quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function of port C. 


This function allows the Programmer to disallow or allow a 
specific 1/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 

INTE flip-flop definition: 


(BIT-SET) — INTE is SET — Interrupt enable 
(BIT-RESET) — INTE is RESET — Interrupt disable 


Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 


Mode 0 Basic Functional Definitions: 

@ Two 8-bit ports and two 4-bit ports. 

@ Any port can be input or output. 

® Outputs are latched. 

@ Inputs are not latched. 

@ 16 different Input/Output configurations are possible 
in this Mode. 
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MODE 0 Port Definition 



















































































A B | GROUP A L_ GROUP B 
D4 D3 Dy Do PORTA | PORTC # PORT B | FORTS 
(UPPER) (LOWER) 
o | 0 | 0 | 0 | output | output | o | ouTPUT | OUTPUT 
o | o | o [| 1 | output | output | 1 | output | INPUT 
o | o [| 1 | o | output | output | 2 | INPUT OUTPUT 
o | o | + {1 | output | output | 3 | input INPUT 
o | 1 | 0 | 0 | output | INPUT 4 | OUTPUT | OUTPUT 
“<0 for ho eet et [| oureut | input 
SI | 
o | 1 1 [0 | ouTPuT [input 6 | INPUT OUTPUT 
o [14 1 | ouTPUT | INPUT 7 | INPUT INPUT 
1 | 0 | 0 | 0 | INPUT ouput | 8 | output | ouTPuT 
1 | 0 | 0 | 14 | INPUT output | 9 | ouTPuT | INPUT 
1 | 0 | + {0 | eur | outeut | 10 | input | OUTPUT 
1 | 0 | 4 1 | INPUT ouTPuT | 11 | INPUT INPUT 
1 | 1 | 0 | 0 | INPUT INPUT | 12 | OUTPUT | OUTPUT 
1 1 | 0 | 1 | INPUT INPUT 13 | OUTPUT | INPUT 
1 1 | 1 | 0 | INPUT INPUT INPUT OUTPUT 
1 1 1 1 | INPUT INPUT eT INPUT INPUT 
MODE 0 Configurations 
CONTROL WORD #0 CONTROL WORD #2 
ae Oy. Oj) wy By ae D, Dg Ds Db 0, 0, a0 





CONTROL WORD #1 CONTROL WORD #3 
D, De 0, OD Dz; D2 D, Dy D, Dg Dg % 0; Dz D, DB 
PA,-PAy PA, PA, 
PC, -PC, PC,-PC, 
0-0, <———___+ 
PC,-PCy PC; PCy 


PB,-PBy PB, PB, 





CONTROL WORD =4 
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CONTROL WORD =8 



































PA, PAG 
PC, PC, 
Dy 2 
PC, PCy 
PB, PB, 
CONTROL WORD #5 CONTROL WORD #9 
D, 0, D0, D, 0, 
PA, PA, 
PC, PC, 
5h 0 
PC, PC, 
PB, PB, 
CONTROL WORD <6 CONTROL WORD #10 
D, 0 D0, DO, Dy 0, 0, 05 DO 0, Dy 
PA, PA, PA, PA, 
fas PS PC,-PC, PC, PC, 
D,-09 «+ 0,-Dy <> 
mene PC, PC PC, PC, 
La PB, -PB, PB,-PB, 
CONTROL WORD #7 CONTROL WORD =11 
Dg D0, D0, 0; Dy D, Do 6 Oo 0; D2 D0, 
PA, PAy PA, PAg 
PC, PC, PC,-PC, 
PC3-PCy PC4-PCy 
- PB,-PB, PB, PB, 
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CONTROL WORD =12 
D, Og 0, % 





D, 0) «+ 





CONTROL WORD #13 
0, De Os O% 03 D 


D, 0, 





Operating Modes 


MODE 1 (Strobed Input/Output). This functional con- 
figuration provides a means for transferring I/O data to 
or from a specified port in conjunction with strobes or 
“handshaking" signals. In mode 1, port A and Port B use 
the lines on port C to generate or accept these “hand- 


shaking” signals. 


CONTROL WORD £14 
o, 0, O, Dy D; do, 0, Do 








CONTROL WORD =15 
D, Dg 0, Dy Dz 0, 0, O% 


PA, -PAy 
PC, PC, 
oy 


PC, PCy 


PB, PB, 











Mode 1 Basic Functional Definitions: 


@ Two Groups (Group A and Group B) 

®@ Each group contains one 8-bit data port and one 4-bit 
control/data port. 

@ The 8-bit data port can be either input or output. 
Both inputs and outputs are latched. 

@ The 4-bit port is used for control and status of the 
8-bit data port. 


Input Control Signal Definition 


STB (Strobe Input). A “low” on this input loads data into 
the input latch. 


IBF (Input Buffer Full F/F) 


A “high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 


INTR (Interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a “one”, IBF isa “one” and INTE is a “one”. 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 


INTE A 
Controlled by bit set/reset of PC 4. 
INTE B 
Controlled by bit set/reset of PC. 


INPUT FROM 
PERIPHERAL 





tp; ——-- + 
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MODE 1 (PORT A) 





CONTROL WORD 
D, Og O, Dy D3 D, 0, Dy 


Uo] | + fel DX) 


| PC.) 
Se 1 = INPUT 
0 = OUTPUT 








CONTROL WORD 






D, Dg Dg Dy 0, Dy D, Dg 


LU DDDD +] DX 





INTR, 





Figure 8. MODE 1 Input 





Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 


MODE 1 (PORT A) 


OBF (Output Buffer Full F/F). The OBF output will go 


“low” to indicate that the CPU has written data out to SENT ROEMSRD 





the specified port. The OBF FI/F will be set by the rising By De Os D4 Ds Dz Dy Op as 
edge of the WR input and reset by ACK Input being low. [+ [0] +] [wo yXixhx] ore 
Plas ACK, 
ACK (Acknowledge Input). A “low” on this input informs 4 OTA 
the 8255A that the data from port A or port B has been ac- 
cepted. In essence, a response from the peripheral INTRA 
device indicating that it has received the data output by wa ——+ 
the CPU. 
INTR (Interrupt Request). A “high” on this output can be 
used to interrupt the CPU when an output device has ac- eOnTROLWORD 
cepted data transmitted by the CPU. INTR is set when ish eRe abe Bisa 
ACK is a “one”, OBF is a “one” and INTE is a “one”. It is ee 
; SN WZ OF, 
reset by the falling edge of WR. PU DDT To x] 
ACK, 
INTE A 





Controlled by bit set/reset of PCg. INTR, 
INTE B SS 


Controlled by bit set/reset of PC >. 


Figure 10. MODE 1 Output 








Figure 11. Mode 1 (Strobed Output) 


Combinations of MODE 1 


Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications. 


CONTROL WORD 
D, Dg 0, Dy D3; D2 D, Dy 


lo MZ 
1/04) 1 volt) 0X] 


PCe 


—" 1 = INPUT 
0 = OUTPUT 





WR -——+o 





PORT A — (STROBED INPUT) 
PORT B ~ (STROBED OUTPUT) 
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wrR—~o 


CONTROL WORD 


D, Og O, DO, 03 D, 0, D 


PPP PPE TX 
L. PCa s 
1 = INPUT 


0 = OUTPUT 





RD ——+o 


PORT A — (STROBED OUTPUT) 
PORT B — (STROBED INPUT) 





Figure 12. Combinations of MODE 1 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for communicating with 
a peripheral device or structure on a single 8-bit bus for 
both transmitting and receiving data (bidirectional bus 
/O). ‘‘Handshaking” signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
also available. 


MODE 2 Basic Functional Definitions: 

@ Used in Group A only. 

@ One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

@ Both inputs and outputs are latched. 

@ The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port (Port 
A). 


Bidirectional Bus I/O Control Signal Definition 
INTR (Interrupt Request). A high on this output can be 


used to interrupt the CPU for both input or output opera- 
tions. 


Output Operations 


OBF (Output Buffer Ful). The OBF output will go “low” 
to indicate that the CPU has written data out to port A. 
ACK (Acknowledge). A “low” on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high im- 
pedance state. 


INTE 1 (The INTE Flip-Flop Associated with OBF). Con- 
trolled by bit set/reset of PCg. 


Input Operations 


STB (Strobe Input) 
STB (Strobe Input). A “low” on this input loads data into 
the input latch. 


IBF (Input Buffer Full F/F). A “high” on this output in- 
dicates that data has been loaded into the input latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). Con- 
trolled by bit set/reset of PC,. 
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CONTROL WORD 


Bye Og. 16, Dy By. Gy, By, By 


[PPPS 2 v2 






PCa 


1 > INPUT 
0 = OUTPUT 


PORT R 
1 = INPUT 
0 = OUTPUT 





GROUP B MODE 
0+ MODEO 
1 MODE) 

















Figure 13. MODE Control Word Figure 14. MODE 2 





DATA FROM 
CPU TO 8255A 


ms 


mei atari 














STB 
i> 
IBF 
—— — -- b, ————__+ 
PE RIRPE A a cs, ce eee (iain: Sete cou 
BUS ) -_--— 
— tp <— trip 
RD 
DATA FROM DATA FROM 
PERIPHERAL TO 8255A 8255A TO PERIPHERAL 


DATA FROM 
8255A TO 8080 


Figure 15. MODE 2 (Bidirectional) 


NOTE Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF » MASK » STB » RD + OBF + MASK + ACK + WR) 
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 










INTR, 
OBF, 
CONTROL WORD CONTROL WORD A 
D, Dg Os Ds D3 BD, D, Dy 
UL DDD 2 | [v0 a8 PL DDD [0 jr 
Plog IBF, 
1 = INPUT 






0 = OUTPUT 














MODE 2 AND MODE 1 (INPUT) 





MODE 2 AND MODE 1 (OUTPUT) 





CONTROL WORD CONTROL WORD 








D, Og Ds Dy D, Dy D, Dy D, Dg Ds 0, Dy Dz D, Dy 





CL DDI Teh Uh Xxkbd TX m7, 
are 








Figure 16. MODE % Combinations 
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Mode Definition Summary 














Special Mode Combination Considerations 


There are several combinations ot modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 


If Programmed as Inputs — 
All input lines can be accessed during a normal Port C 
read. 


lf Programmed as Outputs — 
Bits in C upper (PC7-PCq4) must be individually accessed 
using the bit set/reset function. 


Bits in C lower (PC3-PCg) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 


Source Current Capability on Port B and Port C 


Any set of eight output buffers, selected ranaomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 


Reading Port C Status 


In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts ‘‘hand-shaking’’ signals 
with the peripheral device. Reading the contents of Port C 





GROUP A ONLY 


MODE 0 
~ OR MODE 1 
ONLY 





allows the programmer to test or verify the ‘‘status’’ of each 
peripheral device and change the program flow accordingly. 


There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 





INPUT CONFIGURATION 
6 & Dy Dy [Oy Dy Dy 
cei Seinen aithaannisie neil 
GROUP A GROUP B 


OUTPUT CONFIGURATION 


0, 2% O, 0, 0; 0, D, Oy 
ans | none 
OBF, | INTE, vo vo | INTRA OBF, |INTRa 


GROUP A GROUP B 





_ 














a 
IBF, | INTE, | INTR 





al % 





GROUP A GROUP B 





(DEFINED BY MODE 0 OR MODE 1 SELECTION) 





Figure 18. MODE 2 Status Word Format 
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INTERRUPT 


APPLICATIONS OF THE 8255A REQUEST 


The 8255A is a very powertul tool for interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and is flex- 
ible enough to interface almost any I/O device without 
the need for additional external logic. 












FULLY 
R DECODED 
3 KEYBOARD 





MODE 1 
(INPUT) 


PB, 
PB, 
PB, 
PB, 
PB, 
PB, 
ioureuTi"} PB, 
PB, 
PC, 
PC, 
PC, 
PC, 


Each peripheral device in a microcomputer system 
usually has a “service routine" associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A is programmed by the I/O service routine and 
becomes an extension of the system software. By ex- 
amining the I/O devices interface characteristics for 
both data transfer and timing, and matching this infor- 
mation to the examples and tables in the detailed opera- 
tional description, a control word can easily be devel- 
oped to initialize the 8255A to exactly ‘'fit’’ the applica- 
tion. Figures 19 through 25 present a few examples of 
typical applications of the 8255A. 







CONTROL 



























STROBE 


BURROUGHS 
SELF-SCAN 
DISPLAY 





Bs 
BACKSPACE 
CLEAR 





DATA READY 
ACK 
BLANKING 
CANCEL WORD 





INTERRUPT 
REQUEST 











INTERRUPT 
REQUEST 


HIGH SPEED 
PRINTER 


Figure 20. Keyboard and Display Interface 










MODE 1 
(OUTPUT) 
HAMMER 
RELAYS 












INTERRUPT 
DATA READY REQUEST 
ACK 


PAPER FEED 


FULLY 
DECODED 
KEYBOARD 


DATA READY 
ACK 
PAPER FEED 





SHIFT 










MODE 1 


5 
(OUTPUT) 





FORWARD/REV CONTROL 


RIBBON 
CARRIAGE SEN STROBE 


—+] DATA READY ACKNOWLEDGE 


BUSY LT 
TESTLT 


CONTROL LOGIC AND DRIVERS 
INTERRUPT aif 
REQUEST 


TERMINAL 
ADORESS 


(INPUT) | 











Figure 19. Printer Interface 














Figure 21. Keyboard and Terminal Address 
Interface 
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MODE 0 
(OUTPUT) 


CONVERTER ANALOG OUTPUT 


(DAC) 


MSB 


STB DATA 
OUTPUT EN 


BIT 


SET/RESET 
————+| SAMPLE EN 





CONVERTER 
(anc) 


—— ANALOG INPUT 


MODE 0 
(INPUT) +} 














Figure 22. Digital to Analog, Analog to Digital 





INTERRUPT 
Request ~~ 


CRT CONTROLLER 
©@ CHARACTER GEN 
© REFRESH BUFFER 
@ CURSOR CONTROL 


MODE 1 SHIFT 
(OUTPUT) CONTROL 


DATA READY 
ACK 


BLANKED 
BLACK WHITE 


ROW SiB 
COLUMN STB 
CURSOR H'V STB 


MODE 0 


roureuT! | 


CURSOR/ROW/COLUMN 
ADORESS 
H&V 

















Figure 24. Basic Floppy Disc Interface 





INTERRUPT 
REQUEST 


MODE 0 
(OUTPUT) 





FLOPPY DISK 
CONTROLLER 
AND DRIVE 


DATA STB 
ACK [IN) 
DATA READY 
ACK (OUT) 


TRACK "0" SENSOR 


SYNC READY 
INDEX 


ENGAGE HEAD 
FORWARD/REV 
READ ENABLE 
WRITE ENABLE 
DISC SELECT 
ENABLE CRC 
TEST 


BUSY LT 





Figure 23. Basic CRT Controller Interface 





INTERRUPT 


REQUEST ~~] 





MODE 1 
(INPUT) 





82550 









MODE 0 






MODE 0 
(OUTPUT) 









cnpuT) 7] 





B LEVEL 
PAPER 
Ry TAPE 

READER 









MACHINE TOOL 










START/STOP 
LIMIT SENSOR (H/V) 
OUT OF FLUID 











CHANGE TOOL 
LEFT/RIGHT 

UP/DOWN 
HOR. STEP STROBE 
VERT. STEP STROBE 
SLEW/STEP 
FLUID ENABLE 
EMERGENCY STOP 























Figure 25. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias... recs 0 E10 70C tion of the device at these or any other conditions above 
Storage Temperature... 65 C to +150 C those indicated in the operational sections of this speciti- 
Voltage on.Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground. .. . isae OSV to 4+7V rating conditions for extended periods may affect device 
Power Dissipation : a hat 1 Watt reliability. 


D.C. CHARACTERISTICS = (Ta = 0Cto70C. Vcc = + 5V ~ 10%, GND - OV)* 





Parameter in. ‘ Test Conditions 


lon = -400UA 
lou = -200KA 


icc___| Power Supply Curent 120] 
loFL 


Input Load Current Vin = Vcc to OV 











Output Float Leakage = Vout = Vcc to .45V 





NOTE: 
1. Available on any 8 pins from Port B and C 


CAPACITANCE = (t= 25°C. Veg - GND ~ OV) 


Symbol Parameter Min. Typ. | Max. | Unit | Test Conditions 





A.C. CHARACTERISTICS = (Ta = 0 Cto 70°C. Vee = + 5V ~ 10%, GND ~ OV) * 


Bus Parameters 
READ 





8255A-5 





Parameter 
Address Stable Before READ 
Address Stable After READ 








Ton vataFom aca |_| 
é 10 
, = 850 


Data Float After READ 
Time Between READs and ‘or WRITEs 
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A.C. CHARACTERISTICS (Continued) 
WRITE 


Parameter 





Address Stable Before WRITE 


Address Stable After WRITE 
WRITE Pulse Width 





Data Valid to WRITE (T.E.) 
Data Valid After WRITE 














OTHER TIMINGS 















Parameter 


eis WR = 1 to Output!!! 30 [| | 
| ot Peripheral Data Before RD 0 0 
tst STB Pulse Width 500 soo | ld] ls 
= Per, Data After T.E. of STB 180 
ACK = 0 to Output!!! 300 ns 
tkb LACK = 1 to Output Float 20 | 2500 | ons | 
twos WR = 1 to OBF = 0!!! 650 
ree ACK = 0 to OBF = 111 350 300 | ons | 
tsig STB = Oto IBF = 1!1! 300 300 ns 
trip RD = 1 to IBF = Ol!l 300 300 ns 


























tad 













































tait ACK = 1 to INTR = 1!!! 350 
WR = Oto INTR = Olt 31 





NOTES: 
1. Test Conditions: C, = 150 pF. 
2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500 ns min. 
3. INTRT may occur as early as WR\. 
* For Extended Temperature EXPRESS, use M8255<A electrical parameters. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


0.45 


AU TESTING INPUTS ARE DRIVFNAT24V FORALOGIC 1 ANDO 45vV FOR 
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT? OV FORALOGIC 1 
AND U BV FORALOGIC 0 


*Vexy !S SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE 
SPECIFICATION 





WAVEFORMS 


MODE 0 (BASIC INPUT) 


CS Al AO 


MODE 0 (BASIC OUTPUT) 


CS Al AO 


OUTPUT 





APPENDIX IIl/ 203 








204/ TRS-80 AS A CONTROLLER 


WAVEFORMS (Continued) 


MODE 1 (STROBED INPUT) 


INPUT FROM __ __ 
PERIPHERAL 


MODE 1 (STROBED OUTPUT) 


OUTPUT 
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WAVEFORMS (Continued) 


MODE 2 (BIDIRECTIONAL) 


DATA FROM 
8080 TO 8255 


PERIPHERAL 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


NOTE: Any sequence where WR occurs before 


(INTR = IBF » MASK + STB + RD + OBF - MASK « ACK + WR) 


WRITE TIMING READ TIMING 


DATA BUS 


DATA BUS HIGH IMPEDANCE © VALID HIGH IMPEDANCE 


SSS 





Appendix IV 
Using this Book with the 
Model I 


The TRS-80* Model III* was a fairly major redesign of the older Model I. The 
goal of the changes seems to be that of placing the entire computer system in 
one box, rather than in several like the Model I. As a consequence, many of the 
features of the Model III described in this book simply aren’t present in the 
Model I—the real-time clock, various input/output ports like port EC, the 
buffered input/output connector, the elaborate interrupt structure, and so on. 

Even so, if you have a Model I, you should be able to do the demonstrations 
from this book that don’t use the special features of the Model III. 

You should obtain the Radio Shack TRS-80 Microcomputer Technical 
Reference Handbook, which contains full technical information on the Model I. 

It contains a chapter called ‘‘The TRS-80 and the Outside World,’’ which 
shows rather clearly how to connect devices to the expansion port of the unit. An 
8255 could be connected in very much the same way the 7474 is connected in that 
demonstration. All the needed signals are available through the expansion port: 
data and address lines, IN* and OUT*. 

Some hints are in order. It seems wise to use the ‘‘port based’’ approach, 
rather than the ‘‘memory mapped’’ approach, since that’s what we use here. 
The Model I expansion port isn’t as well buffered as the Model III input/output 
port, so it is wise to connect only one device at a time. You should keep the inter- 
connecting cable as short as possible. That was important with the Model III, 
but it may very well be vital with the Model I. One nice thing about the Model I is 
that, since there isn’t an input/output port, you do not have to send ‘‘OUT 
236,16’ again and again, and there is no need to reverse the direction of the in- 
put/output port with the EXT IO SEL* line. 

Another excellent source of information on this aspect of the Model I is Titus, 
Titus, and Larsen’s excellent TRS-80 Interfacing. It is written at a somewhat ad- 
vanced level, but contains a full description of different ways of interfacing the 
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computer. No doubt you could implement their ‘‘breadboarding’’ arrangement 
on the prototyping board used in this book, thus eliminating the need to make a 
printed circuit or wire-wrap board. 
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Accumulator, 133 
Address (es), 
decoding eight at one time, 91-92 
decoding 16 at one time, 92-93 
how decoded, 24-25 
Address decoder IC, 18 
Address lines, 17 
decoding, 18 
Analog devices, 109 
Analog measurements, on TRS-80, 110 
Analog-to-digital converter, 111-112 
demonstrations of, 112-116 
AND gate(s), 50 
AND logical function, 59 
AND statements, 58 
Apple computer, 5 
Assembly language, programming in, | 
Asynchronous inputs, 129 
Audio frequencies, low, program to measure, 82-85 
Audio oscillator, 82 
Barden, William, Jr., 
TRS-80 Assembly Language Programming, 178 
Z80 Microcomputer Handbook, 164 
BASIC, 3, 97 
Disk, 105 
exponentiation in, 43 
Level II, 100 
Microsoft, 8 
TRS-80, 59 
use of decimal numbers in, 14 
BASIC interpreter, 1, 39, 59, 99, 147 
Binary numbers, 13-14 
Bit, 13 
Blacksburg Continuing Education series, 5 
Bounce, in switches, 78 
Bounceless push button, 79-80 
as a flip-flop, 86 
BREAK, 106 
Bridge rectifier, 32 
Busses, 17 
Byte, 13, 99 
Capacitor, 29, 32 
Card edge connector cable, 29 
Cassette recorder, program to start motor of, 16 
Chip select, 25 
Control register, 23 
decoding, 25 
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Counting programs, 75-86 
Data lines, 17 
DEBUG, 178 
Diac, 71-72 
Digital counter, simple, 137-139 
Digital recording demonstration, 120-123 
Digital-to-analog converter, 116-118 
demonstrations of, 118-123 
DIP package, 65, 153 
Direct mode, 62 
Disk BASIC, 105 
8088/8085 Software Design (Titus, Titus and Larsen), 179 
8253 Programmable Timer/Counter (Intel), 139-142 
8255 chip, 6, 18, 21, 46 
connecting to microcomputer, 22-23 
setting up, 23-24 
8255 programmable peripheral interface (PPI), advantages 
of, 21-22 
EPROM, 152 
erasing, 155, 156 
program to read, 158-159 
program to write, 159-161 
uses for, 161 
555 timer, used to set baud rate, 177 
Flip-flop, 129 
FOR-NEXT loop, as a timing device, 95-98 
Gate(s), 49 
AND, 50 
NAND, 52, 85, 88-91 
NOR, 52 
OR, 50-51 
Golsbrough, Paul, Microcomputer Interfacing with the 
8255 Chips, 22 
Hall-effect devices, 5 
Heat sink, 69 
Heller, Saul, Understanding Silicon Controlled 
Rectifiers, 71 
Hexadecimal, machine-language programming in, 104 
Hexadecimal numbers, 13-14 
IF statements, 58-59 
INKEY$, 160 
INP statement, 18 
Input circuits, demonstrations of, 53-60 
Input/output chips, 6 
Input/output connector, 17 
Input/output ports(s), 18 
inputting data through, 18 


Model III, 19 
TRS-80, 29-31, 51, 139 
Intel Component Data Catalog, 22, 139, 153, 154 
Intel 8253 Programmable Timer/Counter, 139-142 
Intel Semiconductor Memory Book, 154 
Interface, 6 
TRS-80, 28 
Interrupt handler, 127 
Interrupts, 104, 125 
demonstration of, 131-133 
in the Model III, 126-128 
using the clock with, 135-136 
Japanese Kana characters, 16 
Just-Wrap devices, 170 
Lancaster, Don, TTL Cookbook, 52, 63, 80, 129, 161 
LEDS, 31, 32 
programs to turn on and off, 37-47 
Leventhal, Lance, Z80 Assembly-Language 
Programming, 179 
LM309 integrated circuit, 32, 34 
other designations for, 34 
Low-power Schottky, 51-52 
LPRINT command, 19 
Machine language, 3 
Machine-language statements, 39 
Mask, 59 
Memory, Model | compared to Model III, 100 
Memory map, 99 
Microcomputer(s), 
advantages of, 3, 5-8 
disadvantages of, 8 
timing of, 5 
Microcomputer-Analog Converter Software and Hardware 
Interfacing (Titus, Titus, Rony and Larsen), 110 
Microcomputer chip, brief history of, 1, 3 
Microcomputer Interfacing Handbook: A/D and D/A 
(Carr), 110 
Microcomputer Interfacing with the 8255 Chip (Paul 
Goldsbrough), 22 
Microprocessor, 
TRS-80, 11 
Z80, 7, 11 
Microsoft BASIC, 8 
Model III operating manual, 16 
Model III references manual, 59, 99, 100 
MOS devices, 35 
Musical notes, generating, 145-150 
NAND gate(s), 52, 85 
decoding with, 88-91 
National Semiconductor Linear Databook, 111, 117 
NOR gates, 52 
NPN transistors, 66 
used as switch, 68 
Ohm’s law, 63 
Optical sensors, 5 
Opto-couplers, 64-66 
types of, 65-66 
OR gate(s), 50-51 
Oscilloscope demonstration program, 113-116 
Output ports, Model III, 14, 16 
OUT statements, 38, 39 
Parallel input/output device (PIO), 21 
Z80A, 170 


PEEK command, 100 
demonstration of, 100 
Photo-diac, 71 
Phototransistor, 65 
PIO, see parallel input/output device 
POKE command, 100-101 
Port addresses, 
decoding, 25 
reserved for system use, 24 
Pot, see potentiometer 
Potentiometer, 67 
PPI, see programmable peripheral interface 
Printer, 178 
Programmable peripheral interface (PPI), 8255, 21 
Prototyping board(s), 3, 27 
Pull-up resistors(s), 52-53, 54-55 
Quartz crystal, 5 
RAM, see random-access memory 
Random-access memory, 99-100 
parts of, 100 
Read-only memory, 99 
READY prompt, 106 
Real-time clock, 
demonstration programs, 101-103 
how it works, 103-106 
interrupts in, 126 
locations in memory, 101 
TRS-80, 98-99 
turning it off, 106-107 
Real-time clock IC, external, 142-145 
Reed relay, 62-64 
advantages, 64 
disadvantages, 64 
Registers, 133-135 
Z80, 178 
ROM, see read-only memory 
Saturation, 68 
Schmidt trigger, 82 
Serial interface, 177 
7400, 51 
7406 hex inverter, 31, 32 
7408, 50, 51 
7432 IC, 50, 51 
74121 one-shot, 80 
74373 latch, 21 
74LS32, 51 
74LS245 devices, 11 
Silicone diode, 62, 64 
cathode end of, 62 
Single pole, double throw (SPDT) switch, 53 
Single pole, single throw (SPDT) switch, 53 
Solid state relays, 71 
Sound generator IC, 178 
Speech synthesizer, 177 
Static electricity, effect on MOS devices, 54 
Switching larger devices, 61 
demonstration of, 61-62 
flashing, changing rate of, 62 
Sylvania G15T8 germicidal lamp, 155 
SYSTEM command, 1 
Test scoring machine, 178 
Texas Instruments ‘‘Programmer,”’ 16 
Timing, 125 


Timing loop, 76 
Titus, Titus and Larsen, 8080/8085 Software Design, 179 
Titus, Titus, Rony and Larsen, Microcomputing-Analog 
Converter Software and Hardware Interfacing, 110 
Transformer, 32 
Transistors, 66 
NPN, 66 
Transistor-to-transistor logic (TTL), 6 
Triac(s), 71 
disadvantages of, 73 
TRS-80, 1, 5 
random-access memory of, 8 
timekeeping clock of, 47 
transfer of data on, 18 
TRS-80 Assembly Language Programming (William 
Barden, Jr.), 178 
TRS-80 BASIC, 59 
TRS-80 Model III, 
features of, 8-9 
interrupts in, 126-128 
Truth table, 49 
TTL, see transistor-to-transistor logic 
TTL Cookbook (Don Lancaster), 52, 63, 80, 82, 129, 161 
Understanding Silicon Controlled Rectifiers (Saul 
Heller), 71 
USR call, 1 
Variable resistor, see potentiometer 
Volatile memory, see random-access memory 
Voltage regulator, 34 
Voltage spikes, made by TTL circuits, 29 
von Neumann, John, 7 
Wadsworth, Nat, Z80 Instruction Handbook, 179 
XOR, 149 
Z80, 21, 46 
memory locations addressed by, 99 
Z80A computer chip, 152 
Z80A PIO, 170 
Z80 Assembly-Language Library (Lance Leventhal), 179 
Z80A Technical Manual (Zilog), 164, 166 
Z80 control signals, 17 
Z80 CPU, 109 
Z80 Instruction Handbook (Nat Wadsworth), 179 
Z80 Microcomputer Handbook (William Barden, Jr.), 164 
Z80 microprocessor, 7, 11 
Z80 registers, 178 
Zener diode, 117 
Zilog, 5, 11, 21 


Here is the clear, concise introducticn you need to 
interface. your computer to Outside devices. With 
TRS-80 as a Controller, you can use your 
microcomputer to control lights, switches, and even a 
small computer you build yourself; It’s all here. All 
you need is a TRS-80 Model Ili (or Model I, using 
the appendix provided);’some inexpensive and easy- 
to-find components, and a little experience in 
electronics and programming. So roll-up vour sleeves 
and put your TRS-80 in control. 
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